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H;S:Y��O:J:DL?JBKLBD:��J:;HLU

:dlmZevghklv� ijh[e_fu�� � <� � \hkvfb^_kyluo� ]h^Zo� [ueb� ijbgylu� ijh_dlu

kha^Zgby� mkdhjbl_evgh�gZdhibl_evguo� dhfie_dkh\� �� 66&�� MGD�� /+&�

IeZgbjh\Z\rb_ky� gZ� gbo� wdki_jbf_glu� ihklZ\beb� aZ^Zqm� ihbkdZ� gh\uo� ih^oh^h\� b

l_ogheh]bc� ^ey� kha^Zgby� we_dljhfZ]gblguo� b� Z^jhgguo� dZehjbf_ljh\�� kihkh[guo

jZ[hlZlv� \� mkeh\byo� agZqbl_evghc� jZ^bZpbb�� j_]bkljbjh\Zlv� h^gh\j_f_ggh� [hevrh_

qbkeh� qZklbp� b� k� \ukhdhc� lhqghklvx� hij_^_eylv� bo� wg_j]bb� b� dhhj^bgZlu�� <

qZklghklb��kha^Zgb_�lZdbo�dZehjbf_ljh\�ihlj_[h\Zehkv�^ey�ijh_dlZ�G?ILMG�gZ�MGD�

:gZeh]bqgu_� ijh[e_fu� \hagbdeb� g_kdhevdh� iha`_� b� ijb� ihklZgh\d_� wdki_jbf_glh\

J:FI?DK�gZ�M����b�:$��� \�&(51�
�MqZklb_�BN<W� \� ih^]hlh\d_� wdki_jbf_glh\� gZ� /+&� � ihlj_[h\Zeh� Zdlb\gh]h

ihbkdZ� gh\uo� j_r_gbc� ijb� kha^Zgbb� we_dljhfZ]gblguo� dZehjbf_ljh\� ^ey

wdki_jbf_glh\�$/,&(�b�&06�

P_evx� ^bkk_jlZpbhgghc� jZ[hlu� y\ey_lky� � jZajZ[hldZ� b� kha^Zgb_� gh\h]h
ihdhe_gby� ij_pbabhgguo� we_dljhfZ]gblguo� b� Z^jhgguo� dZehjbf_ljh\� ^ey

wdki_jbf_glh\�gZ�nbdkbjh\Zgguo�fbr_gyo�b�dheeZc^_jZo�

GZmqgZy�gh\bagZ�b�ijZdlbq_kdZy�p_gghklv.
<i_j\u_�\�fbj_�[ue�bkke_^h\Zg�jy^�ly`zeuo�fhghdjbklZeeh\�dZd

ihl_gpbZevguo�dZg^b^Zlh\�^ey�ij_pbabhgghc�we_dljhfZ]gblghc�dZehjbf_ljbb��GZ�bo

hkgh\_�[ueb�kha^Zgu�b�bamq_gu�\�imqdZo�qZklbp��mkdhjbl_e_c���BN<W�b�CERN
ijhlhlbiu�]ZffZ�ki_dljhf_ljh\��J_amevlZlu�bkke_^h\Zgbc�ijhlhlbiZ�dZehjbf_ljZ�gZ

[Za_�djbklZeeZ�\hevnjZfZlZ�k\bgpZ�PbWO4 klZeb�hij_^_eyxsbfb�ijb�\u[hj_

we_dljhfZ]gblguo�dZehjbf_ljh\�^ey�wdki_jbf_glh\�gZ�LHC- ALICE b�CMS.
�JZajZ[hlZg� b� kha^Zg� fh^mevguc� k\bgph\uc� dhfi_gkbjh\Zgguc� Z^jhgguc

dZehjbf_lj�� y\eyxsbcky� gZ� k_]h^gy� djmig_crbf� ����� lhgg�� \� fbj_� ^_l_dlhjhf

ih^h[gh]h� lbiZ�� ���fh^mey� wlh]h�dZehjbf_ljZ�\oh^beb�\�khklZ\�mklZgh\db�ih�ihbkdm

d\Zjd�]exhgghc�ieZafu�\�CERN �wdki_jbf_gl�WA-94). DZehjbf_lj��khklhysbc�ba����

fh^me_c�� bkihevam_lky� � \� wdki_jbf_gl_� J:FI?DK� gZ� mkdhjbl_e_� M���� BN<W�� ]^_

b]jZ_l� hkgh\gmx� jhev� ijb� hj]ZgbaZpbb� ljb]]_jZ� ^ey� bamq_gby� iheyjbaZpbhgguo

ijhp_kkh\�\�pp�\aZbfh^_ckl\byo�b�baf_j_gbb�wg_j]bb�Z^jhgh\�
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JZajZ[hlZg� b� \g_^jzg� \� ijhba\h^kl\h� bfimevkguc� bklhqgbd� k\_lZ� gZ� [Za_

kpbglbeebjmxs_]h� djbklZeeZ� YAlO3:Ce, dhlhjuc� rbjhdh� ijbf_gy_lky� \h� fgh]bo

wdki_jbf_glZo� dZd� \� Jhkkbb�� lZd� b� aZ� jm[_`hf� �J:FI?DK��BN<W�� :$����� &(51�

E787, BNL��.(.��^ey�fhgblhjbjh\Zgby�b�dZeb[jh\db� we_dljhfZ]gblguo�b� Z^jhgguo
dZehjbf_ljh\�

:\lhj�aZsbsZ_l
1. JZajZ[hldm� b� kha^Zgb_� ij_pbabhgguo� we_dljhfZ]gblguo� dZehjbf_ljh\� gZ� [Za_

ly`zeuo�fhghdjbklZeeh\�

- kpbglbeebjmxs_]h�djbklZeeZ�PbWO4 (PWO),
- q_j_gdh\kdbo�jZ^bZlhjh\�Gd3Ga5O12 (GGG) b� NaBi(WO4)2  (NBW).

2. JZajZ[hldm� b� bkke_^h\Zgb_� f_edhyq_bklh]h� we_dljhfZ]gblgh]h� dZehjbf_ljZ� gZ

[Za_�kZg^\bqZ�\hevnjZf�kpbglbeeylhj��h[eZ^Zxs_]h�\ukhdbfb�ijhkljZgkl\_gguf

b�dhhj^bgZlguf�jZaj_r_gbyfb�

3. JZajZ[hldm� b� kha^Zgb_� dhfi_gkbjh\Zggh]h� k\bgph\h]h� Z^jhggh]h� dZehjbf_ljZ

gh\h]h�ihdhe_gby�^ey�jZ[hlu�\�imqdZo�Z^jhgh\�b�bhgh\�k�iheghc�wg_j]b_c� �[he__

��Lw<�

4. JZajZ[hldm� b� kha^Zgb_� j_i_jguo� bfimevkguo� k\_lh\uo� bklhqgbdh\�

ij_^gZagZq_gguo�^ey�dZeb[jh\db�ki_dljhf_ljh\�b�we_dljhgbdb�

Khh[s_gby� b� im[ebdZpbb� ih� l_f_� ^bkk_jlZpbb. JZ[hlu�� khklZ\eyxsb_

hkgh\gh_� kh^_j`Zgb_� ^bkk_jlZpbb�� him[ebdh\Zgu� \� hl_q_kl\_gguo� b� aZjm[_`guo

ba^Zgbyo�b�\�\b^_�ij_ijbglh\�BN<W��\�`mjgZeZo�“Ijb[hju�b�l_ogbdZ�wdki_jbf_glZ”,
“Nuclear Instruments and Methods”��\�ij_ijbglZo�CERN, LAPP (Annecy, France) �b�KEK
(Japan)�� \� ljm^Zo� f_`^mgZjh^guo� dhgn_j_gpbc� [1–17]. J_amevlZlu� jZ[hl

^hdeZ^u\Zebkv� gZ� gZmqguo� k_fbgZjZo� BN<W�� CERN� b� LAPP�� gZ� F_`^mgZjh^ghc

dhgn_j_gpbb�CRYSTALL 2000� \�RZfhgb� �NjZgpby�� ����� ]����gZ� IV F_`^mgZjh^ghc

dhgn_j_gpbb�ih�dZehjbf_ljbb�\�nbabd_�\ukhdbo�wg_j]bc�gZ�h��Wev[Z��BlZeby�������]���

gZ�F_`^mgZjh^ghf�kbfihabmf_�IEEE’93�\�KZg�NjZgpbkdh��KR:�������]���

�����GZ jZajZ[hlZggu_� ^ey�fhgblhjbjh\Zgby� dZehjbf_ljh\� bklhqgbdb� k\_lZ� gZ� hkgh\_
djbklZeeZ�YAlO3:Ce�ihemq_gh�Z\lhjkdh_�k\b^_l_evkl\h�gZ�bah[j_l_gb_������������

KljmdlmjZ�^bkk_jlZpbb�� � �>bkk_jlZpby� �\�\b^_�gZmqgh]h�^hdeZ^Z�baeh`_gZ�gZ
35� kljZgbpZo�� khklhbl� ba� \\_^_gby�� iylb� ]eZ\� b� aZdexq_gby�� kh^_j`bl� ��� jbkmgdh\�

��lZ[ebpu�b�kibkhd�ebl_jZlmju��\dexqZxsbc�17�gZbf_gh\Zgbc�

KH>?J@:GB?��J:;HLU

<<?>?GB?

<� dhgp_� ���o� ]h^h\� \hagbdeZ� g_h[oh^bfhklv� kha^Zgby� gh\h]h� ihdhe_gby

dZehjbf_ljh\� dZd� we_dljhfZ]gblguo�� lZd� b� Z^jhgguo�� ^ey� wdki_jbf_glh\� gZ

ieZgbjm_fuo�lh]^Z�gh\uo�mkdhjbl_evguo�dhfie_dkZo��SSC,�MGD, LHC.
>ey� bkke_^h\Zgby� iheyjbaZpbhgguo� ijhp_kkh\� gZ� kljmcghc� iheyjbah\Zgghc

fbr_gb,� jZkiheh`_gghc� � \� ih^a_fghf� aZe_� MGD� �wdki_jbf_gl� G?ILMG��

ihlj_[h\Zebkv� jZajZ[hldZ� b� kha^Zgb_� gh\h]h� ihdhe_gby� ^_l_dlhjh\�� kihkh[guo

jZ[hlZlv� \� mkeh\byo� \ukhdbo� jZ^bZpbhgguo� ihe_c�� h^gh\j_f_ggh� j_]bkljbjmxsbo
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[hevrh_�dhebq_kl\h�γ�d\Zglh\�b�we_dljhgh\�b�k�\ukhdhc�lhqghklvx�hij_^_eyxsbo�bo

wg_j]bb� b� dhhj^bgZlu��Rbjhdh� ba\_klgu_� \� lh� \j_fy� ki_dljhf_lju� lbiZ� =:FK� g_

hl\_qZeb� lj_[h\Zgbyf� wdki_jbf_glZ� ij_`^_� \k_]h� ba�aZ� iehohc� jZ^bZpbhgghc

klhcdhklb� k\bgph\h]h� kl_deZ� b� g_^hklZlhqghc� ^ebgu� jZ^bZlhjZ� �=:FK������� kl_deh

N8�±����jZ^bZpbhgguo�^ebg��=:FK�������kl_deh�7N��±����jZ^bZpbhgguo�^ebg��

<� ijhp_kk_� ih^]hlh\db� wdki_jbf_glh\� G?ILMG b� iha`_� J:FI?DK� [ueb

jZajZ[hlZgu�b�bkke_^h\Zgu�gZ�imqdZo�qZklbp�ke_^mxsb_�ijhlhlbiu�ki_dljhf_ljh\�

 We_dljhfZ]gblgu_�dZehjbf_lju:
• Kehbklh]h�lbiZ��kZg^\bqb��

- k\bg_p�kpbglbeeylhj�k�jZaf_jhf�yq_cdb����o����ff
2,

- k\bg_p�kpbglbeeylhj�k�jZaf_jhf�yq_cdb����o����ff
2,

- \hevnjZf�kpbglbeeylhj�k�jZaf_jZfb�yq_cdb����o����ff
2.

• KiZ]_llb���dZehjbf_lju�

- k\bg_p�kpbglbeebjmxsb_�\hehdgZ�^bZf_ljhf���ff�b�����ff�

- \hevnjZf�kpbglbeebjmxsb_�\hehdgZ��^bZf_ljhf������ff�

• Ki_dljhf_lju�gZ�ly`zeuo�djbklZeeZo�

- kpbglbeebjmxsbc�djbklZee�PWO,
- q_j_gdh\kdb_�jZ^bZlhju�GGG b�NBW.

 :^jhgguc�dhfi_gkbjh\Zgguc�k\bgph\uc�dZehjbf_lj�
- jZaf_j�yq_cdb�����o�����ff

2
�������y^_jguo�^ebg�

- jZaf_j�yq_cdb�����o�����ff
2
�����y^_jguo�^ebg�

Ij_^klZ\e_ggu_� \� ^bkk_jlZpbb� j_amevlZlu� bkke_^h\Zgbc� [ueb� ihemq_gu� gZ

dZgZe_� ���� ���=w<� mkdhjbl_ey� BN<W�� Imqhd� qZklbp� \u^_eyeky� q_lujvfy

kpbglbeeypbhggufb� kqzlqbdZfb�� <� kemqZ_� g_h[oh^bfhklb� g_ihkj_^kl\_ggh� i_j_^

ki_dljhf_ljZfb�jZkiheZ]Zeky�kqzlqbd�jZaf_jhf���o���ff
2.

Dhhj^bgZlu� qZklbp� ijb� bkke_^h\Zgbyo� we_dljhfZ]gblguo� dZehjbf_ljh\� �WF�

hij_^_eyebkv� dj_fgb_\uf� fbdjhkljbih\uf� ^_l_dlhjhf� c rbjbghc� kljbiZ� ���� fdf�

Ijb�bamq_gbb� Z^jhggh]h� dZehjbf_ljZ� dhhj^bgZlu� qZklbp� hij_^_eyebkv�ijh\hehqghc

ijhihjpbhgZevghc�dZf_jhc��<k_�baf_j_gby�[ueb�ijh\_^_gu�k�bkihevah\Zgb_f����[bl

:PI��Kbkl_fZ�k[hjZ�^Zgguo�[Zabjh\ZeZkv�gZ�PC/AT�b�fh]eZ�ijbgbfZlv�b�h[jZ[Zlu\Zlv
^h������kh[ulbc/k_d�

>ey� beexkljZpbb� \hafh`ghkl_c� g_dhlhjuo� ba� i_j_qbke_gguo� \ur_

ki_dljhf_ljh\�\�^bkk_jlZpbb�ijb\h^ylky�^Zggu_��ihemq_ggu_�gZfb�lZd`_�b�ijb�[he__

\ukhdbo�wg_j]byo�gZ�����=w<�mkdhjbl_e_�CERN.

1. WE?DLJHF:=GBLGU?�KI?DLJHF?LJU�G:��DJBKL:EE:O�PWO

<� ihke_^gb_� ]h^u� ijh\h^beky� bgl_gkb\guc� ihbkd� gh\h]h� ihdhe_gby

kpbglbeeylhjh\�� iehlguo�� [ukljuo� b� jZ^bZpbhggh�klhcdbo�� Bkke_^h\Zgby� \_ebkv� \

hkgh\ghf�ih�^\mf�gZijZ\e_gbyf��nlhjb^u (CeF3, BaF2, PbF2...) b�hdkb^u (BGO, GSO,
NaBi(WO4)2, PbWO4...).

Kj_^b� nlhjb^h\� fgh]hh[_sZxsbf� [ue� CeF3�� <� j_amevlZl_� ijh\_^zgguo

bkke_^h\Zgbc� >���@� klZeh� hq_\b^guf�� qlh� kj_^b� hdkb^h\� \hevnjZfZl� k\bgpZ PbWO4

(PWO) y\ey_lky�gZb[he__�i_jki_dlb\guf�fZl_jbZehf�^ey�WF�dZehjbf_ljbb�\�nbabd_
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\ukhdbo� wg_j]bc.� Fgh]hyq_bklu_� dZehjbf_lju�� ba]hlh\e_ggu_� ba� wlbo� [ukljuo� b

hq_gv� iehlguo� djbklZeeh\�� jZ^bZpbhggh� klhcdb�� dhfiZdlgu� b� l_ogheh]bqgu�� Wlh

iha\hey_l� j_rblv� ijh[e_fm� \ukhdhlhqghc� j_]bkljZpbb� nhlhgh\� �we_dljhgh\�� \

wdki_jbf_glZo� gZ� [m^msbo� mkdhjbl_eyo�� dZd� gZ� \klj_qguo (jj�� e+e-)�� lZd� b� gZ
\u\_^_gguo� imqdZo�� � LZdhc� dZehjbf_lj� b]jZ_l� dexq_\mx� jhev� \ ^\mo� ijh_dlZo gZ
LHC: ALICE 1  -� wdki_jbf_gl� ih� ihbkdm� d\Zjd�]exhgghc� ieZafu� b� l_jfZevguo
nhlhgh\�\�bhg�bhgguo�klhedgh\_gbyo� b  CMS 2���wdki_jbf_gl�gZ� � � � � � �jj�dheeZc^_j_�
h^gZ�ba�hkgh\guo�p_e_c�dhlhjh]h�±�ihbkd�Ob]]kh\kdbo�[hahgh\�

1.1. �K\hckl\Z�djbklZeeh\�PWO

Hkgh\gu_�oZjZdl_jbklbdb��PWO

FhghdjbklZeeu PWO� \ujZsb\Zxlky� f_lh^hf� QhojZevkdh]h� \� ieZlbgh\uo

lb]eyo� ijb� l_fi_jZlmj_ ≈ 1000°C� \� Zlfhkn_j_�� [ebadhc� ih� khklZ\m� d� \ha^mom�� <
dZq_kl\_�kujvy�bkihevam_lky�kf_kv�hdbk_c�k\bgpZ�b�\hevnjZfZ�PbO b WO3, qbklhlhc
g_�om`_���������>bZf_lj�\ujZs_gguo�djbklZeeh\���^h����ff�b�^ebgZ ^h�����ff��ohly
bf_xlky�b�djbklZeeu��\ujZs_ggu_�gZ�ki_pbZevghf�h[hjm^h\Zgbb��^bZf_ljhf�[he__���

ff�b�\_khf�hdheh����d]��Hgb�e_]dh�ih^^Zxlky�f_oZgbq_kdhc�h[jZ[hld_�gZ�klZg^Zjlghf

h[hjm^h\Zgbb�

PWO -�hq_gv�iehlgh_�\_s_kl\h� �ρ�  � ���� ]/kf3
�� k� h^ghc�ba�gZbf_gvrbo�� kj_^b

ba\_klguo�djbklZeeh\��jZ^bZpbhgghc�^ebghc (X0 = 0,87�kf�. ?]h�jZ^bmk�Fhev_jZ��RM)
khklZ\ey_l�hdheh����ff��qlh�h[_ki_qb\Z_l�g_[hevrb_�ihi_j_qgu_�jZaf_ju WF�eb\gy�b

\ukhdmx� ijhkljZgkl\_ggmx� lhqghklv� baf_j_gby� dhhj^bgZl� nhlhgh\� �we_dljhgh\��

Hkgh\gu_� oZjZdl_jbklbdb� PWO b� g_dhlhjuo� ^jm]bo� ly`zeuo� fhghdjbklZeeh\

ijb\_^_gu�\�lZ[e����
LZ[ebpZ �� Hkgh\gu_ oZjZdl_jbklbdb g_dhlhjuo ly`zeuo djbklZeeh\�

DjbklZee Iehlghklv�

]�kf3
JZ^bZpb�

hggZy

^ebgZ�

X0, Ff

Fhev_�

jh\kdbc

jZ^bmk�

RM, Ff

K\_lh�

\uoh^�

� hl

BGO

<j_fy

\uk\_qb�

\Zgby�

gk

FZdkb�

fmf

ki_dljZ

baemq_�

gby�

gf

Dhwnnb�

pb_gl

ij_ehf�

e_gby

BGO 7,13 1,12 2,25 100 300 480 2,15
CeF3 6,16 1,68 2,63 45 5/20 300/340 1,62
BaF2 4,89 2,05 4,4 40 0,9/630 210/320 1,49

PbWO4 8,28 0,87 2,19 5 1,5/7/30 420-520 2,16

NaBi(WO4)2 7,57 0,98 2,66 Q_j_g� - - 2,05
Gd3Ga5O12 7,02 1,45 2,4 Q_j_g� - - 2,0

PbF2 7,56 0,95 2,2 Q_j_g� - - 1,82

                                                          
1  ALICE   LoI, CERN/LHCC 93-16, Geneva, 1993.
2  CMS  LoI, CERN/LHCC 92-3, Geneva, 1992.
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Ki_dljhkdhiby�fhghdjbklZeeh\�PWO

<� ki_dljZo� exfbgbkp_gpbb� fhghdjbklZeeh\ PWO� ih^� \ha^_ckl\b_f

89�\ha[m`^_gby�gZ[ex^Zxlky�ih�djZcg_c�f_j_�ljb�ihehku��k�fZdkbfmfZfb�hdheh�����

���� b� ���� gf�� Ijb� γ-\ha[\`^Hgbb� �57
Kh�� ���� Dw<�� gZ[ex^Z_fuc� ki_dlj� k\_q_gby

y\ey_lky� kmi_jihabpb_c� mdZaZgguo� \ur_� ihehk� �jbk����� Ijb� wlhf� h[gZjm`_gh�� qlh

hlghkbl_evgZy� bgl_gkb\ghklv� ]hem[hc� b� a_ezghc� exfbgbkp_gpbc� b� bo� \deZ^� \

kmffZjguc�ki_dlj�kbevgh� aZ\bkyl�hl�qbklhlu�djbklZeeZ�b�mkeh\bc�_]h�\ujZsb\Zgby�

Iheh`_gb_�fZdkbfmfZ�kmffZjghc�ihehku�exfbgbkp_gpbb�f_gy_lky�hl�����^h�����gf�\

aZ\bkbfhklb�hl�l_ogheh]bb�\ujZsb\Zgby�djbklZeeh\�

K\_lh\uoh^�fhghdjbklZeeh\�PWO�[ue�hij_^_ezg�imlzf�kjZ\g_gby�k�djbklZeehf
BGO�l_o�`_�jZaf_jh\��� o 1 o 1�kf3).�:fieblm^gu_�ki_dlju��ihemq_ggu_�k�djbklZeeZfb
PWO� b BGO,� ijb� h[emq_gbb� bo� nhlhgZfb� hl 137Cs (660 Dw<�� b� 241Am (60 Dw<��
ihdZaZgu�gZ� jbk�� ���H[jZapu� [ueb� hlihebjh\Zgu� b� h[zjgmlu� \� Zexfbgbabjh\Zgguc

fZceZj��K\_lh\uoh^� PWO, baf_j_gguc�k�ihfhsvx�nhlhmfgh`bl_ey�k�^\mos_ehqguf

nhlhdZlh^hf��khklZ\ey_l�hdheh����hl�BGO.

Jbk� �� Ki_dlju exfbgbkp_gpbb djbklZeeh\PWO                    Jbk� �� :fieblm^gu_ ki_dlju djbklZeeh\
ih^ \ha^_ckl\b_f UV�\ha[m`^_gby�                                          PWO b BGO.

 Dbg_lbdZ� exfbgbkp_gpbb� djbklZeeh\� PWO� [ueZ� baf_j_gZ� iml_f UV-
\ha[m`^_gby�� Exfbgbkp_gpby� \� ]hem[hc� ihehk_� ����� gf�� � hq_gv� [ukljZy�� hgZ

hibku\Z_lky� ^\mfy� wdkihg_glZfb� k� ihdZaZl_eyfb� �� b� �� gk�� �jbk�� ���� GZ� jbk�� �

ij_^klZ\e_gZ�hkpbeeh]jZffZ�kb]gZeZ�k�yq_cdb�PWO��mklZgh\e_gghc�gZ�NWM�XP2020Q
ijb�_z�h[emq_gbb�we_dljhgZfb�k�wg_j]b_c����=w<��9���kb]gZeZ�mf_sZ_lky�\����gk�
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Jbk .3. Dbg_lbdZ baemq_gby djbklZeeh\PWO.                Jbk� �� Hkpbeeh]jZffZ kb]gZeZ k yq_cdb
                                                                                                         PWO ijb _z h[emq_gbb we_dljhghf

k wg_j]b_c �� =w<�

DjbklZeeu� PWO,� \ujZs_ggu_� \� hilbfZevguo� mkeh\byo�� h[eZ^Zxl� \ukhdhc

jZ^bZpbhgghc�klhcdhklvx��Baf_g_gby�k\_lh\uoh^Z�^Z`_�ijb�[hevrbo�^haZo�h[emq_gby

g_�gZ[ex^Zehkv��H^gZdh�baf_g_gb_�ijhajZqghklb�ijhbkoh^bl� m`_�ijb�^haZo� \� khlgb

JZ^��Kh]eZkgh�ki_pbnbdZpbb� wdki_jbf_glZ�CMS,�ijh^hevgZy�ijhajZqghklv�djbklZeeZ
�^ebgZ�����ff��ijb�h[emq_gbb�_]h�]ZffZ�d\ZglZfb�gZ�mjh\g_����JZ^/qZk�^h�kmffZjghc
^hau� ���� JZ^�� g_� ^he`gZ� f_gylvky� [he__�� q_f� gZ� ���� LZdb_� baf_g_gby� fh]ml� [ulv

hlke_`_gu�k�ihfhsvx�kbkl_fu�fhgblhjbjh\Zgby��K_]h^gy�\k_�ijhba\h^bfu_�\�Jhkkbb

djbklZeeu�m^h\e_l\hjyxl�wlhfm�lj_[h\Zgbx�

Jbk� �� AZ\bkbfhklv k\_lh\uoh^Z djbklZeeZ Jbk� �. K\_lh\uoh^ PWO� baf_j_gguc \ rbjhdhf
            PWOhl l_fi_jZlmju� baf_j_gghc gZ ^bZiZahg_ l_fi_jZlmj�

            imqd_ we_dljhgh\ k wg_j]b_c �� =w<�
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L_fi_jZlmjgZy� aZ\bkbfhklv� k\_lh\uoh^Z� baf_jyeZkv� g_ihkj_^kl\_ggh� ijb

h[emq_gbb�djbklZeeZ�PWO����=w<�we_dljhgZfb��jbk������<b^gh��qlh�_]h�k\_lh\uoh^� �\
h[eZklb� dhfgZlguo� l_fi_jZlmj� f_gy_lky� k� dhwnnbpb_glhf� ∼2%/]jZ^mk�� ;ueb

ijh\_^_gu�lZd`_�baf_j_gby�k\_lh\uoh^Z�\�h[eZklb�hl� ����
h
�^h����

h
��J_amevlZlu�wlbo

baf_j_gbc� ij_^klZ\e_gu� gZ� jbk�� ��� Ijb� gbadbo� l_fi_jZlmjZo� gZ[ex^Z_lky� j_adh_

m\_ebq_gb_�k\_lh\uoh^Z��h^gZdh�\j_f_ggu_�oZjZdl_jbklbdb�agZqbl_evgh�mom^rZxlky�

1.2. Baf_j_gby�gZ�imqdZo�we_dljhgh\

      Mkeh\by�baf_j_gbc

I_j\u_� baf_j_gby� oZjZdl_jbklbd� ijhlhlbiZ� WF�dZehjbf_ljZ� gZ� PWO [ueb
ijh\_^_gu� gZ� imqdZo� we_dljhgh\� k� wg_j]b_c� � �� b� ��� =w<�� ihemq_gguo� gZ� ���=w<

mkdhjbl_e_�BN<W�

Ba�r_klb�\ujZs_gguo�djbklZeeh\�PWO ̂ ey�bkiulZgbc�gZ�imqd_�[ueb�hlh[jZgu
q_luj_� �k_jbcgu_� ghf_jZ� ��� ��� �� b� ����Bo� k\hckl\Z� [ueb� g_h^bgZdh\u� ba�aZ� jZaguo

mkeh\bc�jhklZ�

Ihi_j_qgu_�jZaf_ju�yq_cdb�����o����ff
2
��[ueb�\u[jZgu�jZ\gufb�hdheh�h^gh]h

jZ^bmkZ� Fhev_jZ�� qlh� y\ey_lky� hilbfZevguf� ^ey� dZehjbf_ljh\� ih^h[gh]h� lbiZ.
Yq_cdb����b����[ueb�����ff�^ebghc�����b����������b���� ff,�qlh�khhl\_lkl\m_l����
��� b� ��� jZ^bZpbhgguf� ^ebgZf�� <k_� djbklZeeu� [ueb� hlihebjh\Zgu� b� h[zjgmlu� \

Zexfbgbabjh\Zgguc�fZceZj�

<� dZq_kl\_� nhlh^_l_dlhjh\� bkihevah\Zebkv� ^\Z� lbiZ� g_[hevrbo� NWM�

hl_q_kl\_gguc� NWM����� k� fmevlbs_ehqguf� nhlhdZlh^hf� b� Nbebik�OJ������ Ijb

bamq_gbb� h^bghqguo� djbklZeebq_kdbo� yq__d� bkihevah\Zebkv� nhlhmfgh`bl_eb� k

nhlhdZlh^hf� [hevr_]h� jZaf_jZ�� NWM������ b� Nbebik�XP2020Q. Mkbe_gb_� NWM

dhgljhebjh\Zehkv�k�ihfhsvx�bfimevkguo�k\_lh^bh^h\�

Q_luj_� yq_cdb�� ba]hlh\e_ggu_� ba� djbklZeeh\� 1%:�� b� \hk_fv� yq__d� ba GGG
bkihevah\Zebkv� ^ey� aZ\_jr_gby� fZljbpu� �� o� ��� Wlb� djbklZeeu� y\eyxlky� qbklufb

q_j_gdh\kdbfb�jZ^bZlhjZfb��kf��]eZ\m����

Dhhj^bgZlgZy� lhqghklv� ijhlhlbiZ� dZehjbf_ljZ� b� ijhnbev� WF�eb\gy� [ueb

hij_^_e_gu�iml_f�i_j_f_s_gby�fZljbpu�ihi_jzd�imqdZ�

     J_amevlZlu�baf_j_gbc

 <j_f_ggu_�oZjZdl_jbklbdb��ih]ehs_gb_�k\_lZ

I_j_^�k[hjdhc�fZljbpu�dZ`^Zy�yq_cdZ�[ueZ�ijhl_klbjh\ZgZ�k�NWM�XP2020Q
gZ� ���=w<� imqd_� we_dljhgh\�� Wlhl� NWM� g_� y\ey_lky� hilbfZevguf� ^ey� k\_lZ�

bkimkdZ_fh]h PWO.�GZ�^ebg_�\hegu�����gf�d\Zglh\Zy�wnn_dlb\ghklv�_]h�nhlhdZlh^Z
g_� ij_\urZ_l� ���� <� kemqZ_� q_j_gdh\kdh]h� k\_lZ� hl� GGG� b� NBW� wlZ� \_ebqbgZ

^hklb]Z_l�����

:fieblm^gu_� ki_dlju�� baf_j_ggu_� \� yq_cdZo�NBW b PWO �6,� ihdZaZgu� gZ
jbk�����Wlb�djbklZeeu�bf_xl�[ebadb_�ihdZaZl_eb�ij_ehfe_gby�b�jZ^bZpbhggu_�^ebgu�
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Ba�jbk����\b^gh��qlh�hlghr_gb_�kb]gZeh\�hl�wlbo�djbklZeeh\�≈ ���Hgh�m\_ebqb\Z_lky�^h
���ijb��bkihevah\Zgbb�NWM������

Kb]gZeu��gZ[ex^Z_fu_�\�yq_cd_�PWO����k�NWM�;3����4��bf_xl�^ebl_evghklv

15 gk� gZ� ihem\ukhl_� b� ��� gk� gZ� mjh\g_� ����� �O\hklu�� bfimevkh\� klZgh\ylky
ij_g_[j_`bfh�fZeufb�ihke_�����gk. GZ�jbk����ijb\_^_gZ�aZ\bkbfhklv�\_ebqbgu�aZjy^Z
hl�^ebl_evghklb�kljh[�bfimevkZ� �:PI�^ey�q_lujzo�djbklZeeh\�PWO��>ey� kjZ\g_gby
ijb\_^_gu�^Zggu_�^ey�q_j_gdh\kdh]h�jZ^bZlhjZ GGG.

Ih]ehs_gb_� kh[kl\_ggh]h� k\_lZ� [ueh� baf_j_gh� gZ� imqd_� fxhgh\� ^ey� dZ`^hc

yq_cdb PWO.�FZljbpZ�[ueZ�jZa\zjgmlZ�i_ji_g^bdmeyjgh�imqdm� Dhhj^bgZlu�fxhgh\
hij_^_eyebkv� kpbglbeeypbhgguf� ]h^hkdhihf� k� rZ]hf� �� ff.� GZ� jbk�� �� ihdZaZgu
j_amevlZlu�� ihemq_ggu_� ^ey PWO �� ��� >ebgZ� ih]ehs_gby � ij_\urZ_l� �� f,� wlh]h
^hklZlhqgh��qlh[u� mf_gvrblv�\deZ^�ijh^hevguo�nemdlmZpbc�eb\gy�\� wg_j]_lbq_kdh_

jZaj_r_gb_��ihklhygguc�qe_g�\�σE /E ) ^h�mjh\gy�kms_kl\_ggh�gb`_�h^gh]h�ijhp_glZ�

Jbk� �. :fieblm^gu_ ki_dlju k h^bghqguo                             Jbk� �. AZ\bkbfhklv kb]gZeZ yq_cdb 3:2

           yq__d 3:2 b NBW� baf_j_ggu_ k                                              hl ^ebl_evghklb kljh[�bfimevkZ

           [bs_ehqguf NWM \ imqd_ we_dljhgh\ :PI�

k wg_j]b_c �� =w<�

Jbk� �� :fieblm^Z kb]gZeZ k yq_cdb PWO\ aZ\bkbfhklb hl dhhj^bgZlu fxhgZ�
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�Wg_j]_lbq_kdh_�jZaj_r_gb_

Gb`_� ijb\h^ylky� j_amevlZlu� i_j\uo� baf_j_gbc� wg_j]_lbq_kdh]h� jZaj_r_gby

ijhlhlbiZ�PWO�dZehjbf_ljZ�\�imqd_�we_dljhgh\�
:fieblm^gu_� ki_dlju� ^ey� h^bghqguo� yq__d NBW b�PWO ��, baf_j_ggu_� k

NWM XP2020Q�gZ�imqd_�we_dljhgh\�k�wg_j]b_c����=w<�ijb�jZaf_jZo�imqdZ� ���o���ff2,
ihdZaZgu�gZ�jbk�����Wg_j]_lbq_kdh_�jZaj_r_gb_�m�yq_cdb PWO σE /E ≈ ���ijbf_jgh�\

^\Z�jZaZ�emqr_��q_f�m�yq_cdb�NBW.
Wg_j]_lbq_kdb_� ki_dlju� k� fZljbpu� �� o� �� djbklZeeh\� 3:2�� h[emq_gghc

we_dljhgZfb�k�wg_j]b_c�^h�����=w<�gZ�mkdhjbl_e_�P?JG��ij_^klZ\e_gu�gZ�jbk�����

Jbk� ��. Ki_dlju k fZljbpu djbklZeeh\ 3:2 � o �� ihemq_ggu_ ijb h[emq_gbb

              we_dljhgZfb k wg_j]b_c hl �� ^h ��� =w< gZ dZgZe_ +8 CERN.

Jbk� ���Wg_j]_lbq_kdh_ jZaj_r_gb_ fZljbpuPWOk jZaebqgufb nhlh^_l_dlhjZfb \ kjZ\g_gbb kCeF3.
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AZ\bkbfhklv� wg_j]_lbq_kdh]h� jZaj_r_gby� fZljbpu� 3:2� F� jZagufb

nhlh^_l_dlhjZfb� hl� wg_j]bb� imqdZ,  baf_j_ggZy� \�BN<W� b�P?JG�� ij_^klZ\e_gZ� gZ

jbk������<b^gh��qlh�m`_�ijb�wg_j]bb�hdheh����=w<�wg_j]_lbq_kdh_�jZaj_r_gb_�\uoh^bl

gZ� mjh\_gv� ������ qlh� y\eyehkv� h^gbf�ba� hkgh\guo� lj_[h\Zgbc�ijb�ijbgylbb�PWO \
dZq_kl\_�fZl_jbZeZ�^ey�we_dljhfZ]gblgh]h�dZehjbf_ljZ�CMS.

 Dhhj^bgZlgh_�jZaj_r_gb_

F_lh^� lhqgh]h� baf_j_gby� dhhj^bgZl� \� WF�dZehjbf_lj_� lbiZ� =:FK� ba

k\bgph\h]h�kl_deZ�[ue�hibkZg�jZg__ 3,4
��Dhhj^bgZlgZy�lhqghklv�^ey�yq_cdb�����o����ff

2

ba� k\bgph\h]h� kl_deZ� khklZ\ey_l� σx ≈� ���� ff� ijb� wg_j]bb� nhlhgh\� beb� we_dljhgh\
≈� ���=w<.�<�kemqZ_�dZehjbf_ljZ�ba�djbklZeeh\�PWO�ihi_j_qguc�jZaf_j�WF�eb\gy�\

^\Z� jZaZ� f_gvr_�� q_f� \� k\bgph\hf� kl_de_�� <� j_amevlZl_� agZq_gb_� σx � \� 3:2

dZehjbf_lj_�k�hilbfZevguf�jZaf_jhf�yq_cdb�^he`gh�[ulv�\�^\Z�jZaZ�f_gvr_�

>ey� hij_^_e_gby� \_ebqbgu� σx � b� rbjbgu� eb\gy� \� yq_cdZo� PWO [ueh
ijhZgZebabjh\Zgh� [he__� ���� luk�� eb\g_c� hl� we_dljhgh\� k� wg_j]b_c� ��� =w<,� aZj_]b�
kljbjh\Zgguo� ijb� q_luj_o� iheh`_gbyo� fZljbpu� hlghkbl_evgh� imqdZ�� GZ� jbk�� ��

ihdZaZgZ� aZ\bkbfhklv�dhhj^bgZlu��baf_jy_fhc� dZd�p_glj� ly`_klb� kb]gZeh\� yq__d�� hl

j_Zevgh]h� iheh`_gby� we_dljhgZ�� hij_^_ey_fh]h� ijb� ihfhsb� fbdjhkljbih\h]h

^_l_dlhjZ��Ihke_�dhjj_dpbb�
3
�wlZ�aZ\bkbfhklv�klZgh\blky�ebg_cghc�

Dhhj^bgZlgh_� jZaj_r_gb_� fZljbpu� ^ey� jZaebqguo� lhq_d� \oh^Z� we_dljhgZ

ihdZaZgh� gZ� jbk�� ����<hae_� djZy� yq_cdb� σx �f_gvr_� q_f� ���� fdf� \[ebab� p_gljZ� wlZ
\_ebqbgZ�\hajZklZ_l�^h�����fdf.

Jbk� ��� AZ\bkbfhklv dhhj^bgZlu we_dljhgZ�                 Jbk� ��� Dhhj^bgZlgh_ jZaj_r_gb_ fZljbpu
baf_jy_fhc dZd p_glj ly`_klb kb]� ^ey jZaebqguo lhq_d \oh^Z we_dljhgZ

              gZeh\ yq__d� hl j_Zevgh]h iheh`_gby hlghkbl_evgh p_gljZ yq_cdb�

           we_dljhgh\ hlghkbl_evgh p_gljZ yq_cdb.
                                                          
3  F.Binon et al.// Nucl.Instr.Meth. 1981. V.188. P.507.
4  G.A.Akopdjanov et al.// Nucl.Instr.Meth. 1977. V.140. P.441.
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Lhqghklv� baf_j_gby� dhhj^bgZl� WF�eb\gy�� baf_j_ggZy� gZ� fZljbp_� �o�

djbklZeeh\�PWO��ijb�wg_j]bb�we_dljhgZ����=w<�ij_^klZ\e_gZ�gZ�jbk������Dhhj^bgZlu
we_dljhgZ�baf_jyebkv�k�ihfhsvx�^j_cnh\hc�dZf_ju��<b^gh��qlh�ijb�jZaf_jZo�yq_cdb

��� o� ��� ff
2
�� qlh� [ebadh� d� hilbfZevghc�� lhqghklv� baf_j_gby� dhhj^bgZl� klZgh\blky

emqr_� ����ff��K_]h^gy� wlh� kZfZy�\ukhdZy� lhqghklv��^hklb]gmlZy� \� we_dljhfZ]gblghc

dZehjbf_ljbb�ijb�\ukhdbo�wg_j]byo�

Jbk� ��� Lhqghklv baf_j_gby dhhj^bgZl WF�eb\gy� baf_j_ggZy gZ fZljbp_

                           � o � djbklZeeh\ PWOijb wg_j]bb �� =w<�

�>Z`_� ijb� m\_ebq_gbb� ihi_j_qguo� jZaf_jh\� yq_cdb� ^h� ��� ff� lhqghklv

hij_^_e_gby� dhhj^bgZl� hklZzlky� emqr_� �� ff�� ohly� g_h^ghjh^ghklv� _z� ih� djbklZeem

\hajZklZ_l�

Ijhnbeb�WF��eb\g_c�\�dZehjbf_ljZo�ba GGG, NBW, PWO��ihdZaZgu�gZ�jbk�����
Eb\gb� \� ly`zeuo� djbklZeeZo� \� ^\Z� jZaZ� m`_�� q_f� \� k\bgph\hf� kl_de_�� Ba� hiulZ

jZa^_e_gby�eb\g_c�\�=:FK�ke_^m_l��qlh�^\Z�nhlhgZ� �we_dljhgZ��fh]ml�[ulv�gZ^z`gh

jZa^_e_gu�\�PWO�dZehjbf_lj_��dh]^Z�hgb�gZoh^ylky�gZ�jZkklhygbb�hdheh����ff ^jm]�hl
^jm]Z��WlZ�\_ebqbgZ�djblbqgZ�^ey�wdki_jbf_glh\�ALICE b�CMS�ba�aZ�\ukhdhc�aZ]jmadb
^_l_dlhjh\�qZklbpZfb�

I_j\uc� ki_dljhf_lj� γ�d\Zglh\�� khklhysbc� ba� ���� ]_dkZ]hgZevguo� djbklZeeh\

PWO�� [ue� ba]hlh\e_g� \� jZfdZo� ih^]hlh\db� wdki_jbf_glZ� G?ILMG� kh\f_klgh� k
wdki_jbf_glhf�=:FK�b�jZaf_szg�\�p_glj_�γ�^_l_dlhjZ�=:FK�����

5
��P_ev�kha^Zgby�

baf_j_gb_�nbabq_kdbo�oZjZdl_jbklbd�^_l_dlhjZ�\�j_Zevghf�wdki_jbf_gl_��J_amevlZlu

wlhc�jZ[hlu�ihdZaZeb��qlh�ki_dljhf_lj�kihkh[_g�jZa^_eylv�^\Z�γ�d\ZglZ�ijb�jZkklhygbb
f_`^m�gbfb�������ff�

                                                          
5  D.Alde et al. // Nucl.Instr.Meth. 1985. V.A240. P.343.



14

GZ� jbk�� ��� ij_^klZ\e_g� ki_dlj� fZkk� kh[ulbc� k� ^\mfy� γ�d\ZglZfb� \� PWO
ki_dljhf_lj_�� Qzldh� \u^_eyxlky� kh[ulby� k� h[jZah\Zgb_f� π0

�� b η�f_ahgh\� \

aZjy^h\hh[f_gguo� ijhp_kkZo�� JZaj_r_gb_� ih� fZkk_� ijb� hilbfZevghf� jZkklhygbb� hl

fbr_gb�jZ\gh

 σ F��F2γ = 1,5%.

Jbk� ��� Ijhnbev eb\gy \ dZehjbf_ljZo baGGG,             Jbk� ��.  Ki_dlj fZkk kh[ulbc k ^\mfy
     NBW, PWO:                                                                             γ-d\ZglZfb \ 3:2�ki_dljhf_lj_�

     1 – NBW; 2 – GGG; 3 – PWO,
]^_ X ± jZkklhygb_ hl p_gljZ yq_cdb�

<g_^j_gb_�Z\lhjhf�djbklZeeh\�\hevnjZfZlZ�k\bgpZ�\�nbabdm�\ukhdbo�wg_j]bc

h[_ki_qbeh� _c� j_Zevguc� ijhju\� \� h[eZklb� ij_pbabhgghc� we_dljhfZ]gblghc

dZehjbf_ljbb��>_rz\uc� � ����±� �� ^heeZjZ/kf3
�� b� l_ogheh]bqguc� ijb� \ujZsb\Zgbb� b

h[jZ[hld_�djbklZee��h[eZ^Zxsbc�mgbdZevgufb�oZjZdl_jbklbdZfb���\ukhdZy�iehlghklv�

fZeZy�jZ^bZpbhggZy�^ebgZ��\ukhdZy�ijhajZqghklv�b�ohjhrZy�jZ^bZpbhggZy�klhcdhklv��

aZgye� eb^bjmxsb_� ihabpbb� \� we_dljhfZ]gblghc� dZehjbf_ljbb�� GZebqb_� \� Jhkkbb

h]jhfguo�fhsghkl_c�^ey�_]h�ijhba\h^kl\Z��hdheh�����jhklh\uo�mklZgh\hd��iha\hey_l

\_jblv� \� j_Zevghklv� kha^Zgby� djmig_crbo� we_dljhfZ]gblguo� dZehjbf_ljh\� gh\h]h

ihdhe_gby�gZ�LHC.

2. Q?J?GDH<KDB?�KI?DLJHF?LJU�G:�LY@,EUO��DJBKL:EE:O

Ijbf_g_gb_�\�WF�dZehjbf_ljbb�ly`zeuo�djbklZeeh\�\�dZq_kl\_�q_j_gdh\kdbo

jZ^bZlhjh\�bf__l�ke_^mxsb_�ij_bfms_kl\Z�ih�kjZ\g_gbx�kh�k\bgph\ufb� �kl_deZfb�

[he__�\ukhdZy�jZ^bZpbhggZy�klhcdhklv���f_gvrbc�fhev_jh\kdbc�jZ^bmk��b�agZqbl_evgh

f_gvrZy�jZ^bZpbhggZy�^ebgZ��dhlhjZy��fh`_l�[ulv�f_g__���kf�
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>ey�bkke_^h\Zgby� \hafh`ghklb�bkihevah\Zgby� ly`zeuo�djbklZeeh\� \� dZq_kl\_

q_j_gdh\kdbo� jZ^bZlhjh\� [ueb� \u[jZgu� djbklZeeu� ]Z^hebgbc�]Zeeb_\h]h� ]jZgZlZ

Gd3Ga5O12 (GGG) b� NaBi(WO4)2 (NBW),� dhlhju_� \� ^hklZlhqghf� dhebq_kl\_

ijhba\h^bebkv�ijhfure_gghklvx��Bo�oZjZdl_jbklbdb�ijb\_^_gu�\�lZ[e����]eZ\u���

2.1. �Dhgkljmdpby�fZd_lh\�ki_dljhf_ljZ�b�baf_j_gby�gZ�imqd_

>ey�bkke_^h\Zgbc�\hafh`ghklb�bkihevah\Zgby�i_j_qbke_gguo�\ur_�djbklZeeh\

\� dZehjbf_jbb� [ueb� kha^Zgu� ljb� fZd_lZ� ki_dljhf_ljh\�� khklhysbo� ba� � ��� yq__d

dZ`^uc��jZaf_jhf����o����o�����ff
3
�^ey�djbklZeeZ�GGG b��� o 21 o 200 ff3

�^ey�NBW,
qlh� khhl\_lkl\h\Zeh� ��� X0� ^ey� ***� b� ��� X0 ^ey� NBW�� Yq_cdb� [ueb� meh`_gu� \

fZljbpu��o���DZ`^Zy�h[hjZqb\ZeZkv�Zexfbgbabjh\Zgguf�fZceZjhf��h[_ki_qb\Zxsbf

k\_lhbaheypbx� b� memqrZxsbf� k\_lhk[hj�� b� q_j_a� lhj_p� ijhkfZljb\ZeZkv

nhlhmfgh`bl_e_f� NWM������ Hilbq_kdbc� dhglZdl� hkms_kl\eyeky� kbebdhgh\uf

dhfiZmg^hf�k�dhwnnbpb_glhf�ij_ehfe_gby�����

Baf_j_gby� [ueb� ijh\_^_gu� gZ� imqd_� we_dljhgh\� ijb� wg_j]bb� ��� =w<�

DZeb[jh\dZ�fZd_lh\�ijh\h^beZkv�imlzf�mklZgh\db�dZ`^hc�yq_cdb�gZ���imqhd�

>ey� hij_^_e_gby� dhebq_kl\Z� q_j_gdh\kdh]h� k\_lZ�� kh[bjZ_fh]h� NWM�� [ueb

ijh\_^_gu� baf_j_gby�� ijb� dhlhjuo� gZ� NWM� XP2020Q� ihke_^h\Zl_evgh� klZ\bebkv
yq_cdZ�ba�k\bgph\h]h�kl_deZ�LN���b�yq_cdb�GGG b�1%:��Bkihevamy�^Zggu_�jZ[hlu�

6,
]^_�[ueh�baf_j_gh�dhebq_kl\h�nhlhwe_dljhgh\�^ey�yq_cdb�ba�k\bgph\h]h�kl_deZ�LN���

[ueh�hp_g_gh�qbkeh�nhlhwe_dljhgh\�^ey�yq__d�GGG b�1%:�^ey�NWM�k�^\mos_ehqguf

nhlhdZlh^hf�� �>ey�yq_cdb�ba�GGG�hgh�hdZaZehkv�jZ\guf� �����n�w�/=w<��^ey�yq__d�ba
NBW� wlZ� \_ebqbgZ� khklZ\beZ� ����n�w�/=w<��LZdZy� jZagbpZ� k\yaZgZ� k� ]hjZa^h� om^r_c

ijhajZqghklvx�NBW ^ey�q_j_gdh\kdh]h�k\_lZ�
Ijh^hevgZy� g_h^ghjh^ghklv� yq__d� ba� ***� b� 1%:� ^ey� q_j_gdh\kdh]h� k\_lZ

[ueZ�baf_j_gZ�gZ�imqd_�ibhgh\�ijb�i_j_f_s_gbb�fZljbp�ihi_jzd�imqdZ��GZ� jbk�� ��

ij_^klZ\e_gZ� aZ\bkbfhklv� kb]gZeZ� hl� ijh^hevghc� dhhj^bgZlu� yq_cdb�� <b^gh�� qlh

ijhajZqghklv� GGG,� k_jbcgh� ba]hlZ\eb\Z_fh]h� ijhfure_gghklvx�� fh`_l� [ulv� gZ

mjh\g_� �� f�� Qlh� dZkZ_lky� djbklZeeh\� NBW�� lh� ^h� gZklhys_]h� fhf_glZ� g_� m^Zehkv

\ujZklblv�hilbq_kdb�qbkluc�djbklZee��NBW bf__l�oZjZdl_jgmx�`_elh\Zlmx�hdjZkdm�
?]h�ijhajZqghklv�^ey�q_j_gdh\kdh]h�k\_lZ�gZoh^blky�gZ�mjh\g_����÷���kf�

Jbk� ��� Ijh^hevgZy g_h^ghjh^ghklv k\_lh\uoh^Z yq_cdb***�

                                                          
6  V.A.Davydov et al.//Nucl. Instr.Meth. 1977. V.145. P.267.
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GZ� jbk�� ��� ij_^klZ\e_gu� ki_dlju� k� h^bghqguo� yq__d� b� kmffZjgu_� ki_dlju� k

fZljbp�fZd_lh\� ki_dljhf_ljh\��Wg_j]_lbq_kdh_� jZaj_r_gb_� ijb� wg_j]bb� ��� =w<� ^ey

fZd_lZ�ba�GGG �khklZ\ey_l��≅�����^ey�fZd_lZ�ba�NBW  ≅2,5%.

Jbk� ��� Ki_dlju we_dljhgh\ k wg_j]b_c �� =w<�

Z� ki_dlj k yq_cdb NBW� [� ki_dlj k yq_cdb GGG.

Mqblu\Zy� bfimevkguc� jZa[jhk� we_dljhgh\� \� imqd_�� dhlhjuc� khklZ\eye

~1,5%,� b� dhebq_kl\h� \_s_kl\Z� ih� dZgZem� �∼��� ]��� wg_j]_lbq_kdh_� jZaj_r_gb_

ki_dljhf_ljZ��\uiheg_ggh]h�gZ�hkgh\_�fhghdjbklZeeZ�GGG��fh`_l�[ulv�agZqbl_evgh
emqr_��jZaj_r_gby�����^hklb]gmlh]h�gZ��ly`zeuo��k\bgph\uo��klzdeZo��GZrb�baf_j_gby

ihdZau\Zxl��qlh�lZdhc�^_l_dlhj�fh`_l�h[eZ^Zlv�jZaj_r_gb_f�gZ�mjh\g_�  3,5 - 4%/ Ε .
Dhhj^bgZlgh_�jZaj_r_gb_�fZd_lh\�ij_^klZ\e_gh�gZ�jbk������<�h[hbo�kemqZyo�hgh

khklZ\ey_l�σ ≈ 0,7÷����ff��qlh�ijbf_jgh�\���jZaZ�emqr_��q_f�^ey�ki_dljhf_ljh\�lbiZ

=:FK�

Jbk� ��� Lhqghklv baf_j_gby dhhj^bgZl q_j_gdh\kdbfb ki_dljhf_ljZfb gZ

            djbklZeeZo GGG b NBW, baf_j_ggZy \ imqd_ we_dljhgh\ �� =w<�
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GZ� jbk�� ��� �]eZ\Z� ��� ij_^klZ\e_gu� baf_j_ggu_� ijhnbeb� we_dljhfZ]gblgh]h

eb\gy��DZd�^ey�fZd_lZ�gZ�GGG��lZd�b�^ey�NBW,�ihi_j_qgu_�jZaf_ju�eb\gy��ijbf_jgh�\
��jZaZ�f_gvr_�q_f�^ey�ki_dljhf_ljh\�lbiZ�=:FK��Khhl\_lkl\_ggh�ijhkljZgkl\_ggh_

jZaj_r_gb_�q_j_gdh\kdh]h�ki_dljhf_ljZ�gZ�djbklZeeZo�khklZ\ey_l� a����ff��qlh�\�^\Z

jZaZ�emqr_��q_f�m�ki_dljhf_ljh\�lbiZ�=:FK�

Baf_jyeZkv� lZd`_�jZ^bZpbhggZy�klhcdhklv�^Zgguo�djbklZeeh\��DjbklZee�GGG
ihke_� h[emq_gby� γ�d\ZglZfb� gZ� mjh\g_� ��5

� JZ^� ijbh[jze� dhjbqg_\mx� hdjZkdm�� ?]h

ijhajZqghklv�^h�b�ihke_�h[emq_gby�ihdZaZgZ�gZ�jbk�� ����H^gZdh�hg� �\hkklZgZ\eb\Z_l

k\hb�hilbq_kdb_�k\hckl\Z��\�l_fghl_�±�aZ���f_kyp��ijb�^g_\ghf�k\_l_�±�aZ���g_^_ex�b

ijb�h[emq_gbb�mevljZnbhe_lh\hc�eZfihc�±�aZ�g_kdhevdh�qZkh\��Qlh�dZkZ_lky�djbklZeeZ

NBW��lh�^Z`_�ijb�h[emq_gbb�_]h�^h� �∼10 FjZ^�baf_g_gby�_]h�hilbq_kdbo�k\hckl\�g_

gZ[ex^Zehkv�

JZ^bZpbhggmx� klhcdhklv� GGG fh`gh� � agZqbl_evgh� memqrblv� ^h[Z\dhc

bll_j[by� [_a� � baf_g_gby� _]h� hilbq_kdbo� � � k\hckl\�� � H^gZdh� ^Z`_� � qbkluc� GGG
h[eZ^Z_l��jZ^bZpbhgghc�klhcdhklvx�gZ��ihjy^hd�\ur_��q_f�k\bgph\h_�kl_deh�

Ijb� kjZ\g_gbb� klhbfhklb� ki_dljhf_ljh\� gZ� ly`zeuo� djbklZeeZo� b

ki_dljhf_ljh\� � lbiZ� � =:FK� � ke_^m_l� � mqblu\Zlv�� qlh� djbklZeebq_kdb_� ^_l_dlhju�

h[eZ^Zy� � � � �\� � � ���� � �jZaZ� � � � �emqrbf� � � �ijhkljZgkl\_gguf� � �jZaj_r_gb_f�� �fh]ml� �[ulv

jZkiheh`_gu� \� �� jZaZ� [eb`_� d� fbr_gb� [_a� ihl_jv� wnn_dlb\ghklb�� � k\yaZgguo� k

i_j_djulb_f� we_dljhfZ]gblguo� eb\g_c�� � � Ijb� � wlhf� � iehsZ^v� ki_dljhf_ljZ� gZ

djbklZeeZo�mf_gvrZ_lky�\���jZaZ��<_k�h^ghc�djbklZeebq_kdhc�yq_cdb��khklZ\ey_l�hdheh

����]��lh]^Z�dZd�\_k��yq_cdb��=:FK�������d]�

Jbk� 20� IjhajZqghklv djbklZeeZGGG jZaf_jhf � o � o � kf3:
h � g_h[emqzgguc djbklZee� • � ihke_ h[emq_gby djbklZeeZ jZ �̂bklhqgbdhf

                           60Co^h ��5 JZ^� imgdlbjgZy djb\Zy � ijhajZqghklv djbklZeeZ kimkly �� ^g_c

        ihke_ h[emq_gby�

3. WG?J=?LBQ?KDH?�J:AJ?R?GB?�KEHBKLUO
KI?DLJHF?LJH<�

�Kehbklu_� ki_dljhf_lju� beb� ki_dljhf_lju� lbiZ� kZg^\bq� ij_^klZ\eyxl� kh[hc

q_j_^mxsb_ky�kehb�iZkkb\gh]h�\_s_kl\Z�ih]ehlbl_ey��\�dhlhjhf�ijhbkoh^bl�jZa\blb_

WFE� b� � Zdlb\gh]h� \_s_kl\Z�� j_]bkljbjmxs_]h� ijhoh`^_gb_� aZjy`_gguo� qZklbp�

eb\gy��<��dZq_kl\_��Zdlb\gh]h��kehy�h[uqgh�bkihevamxlky�kpbglbeeylhju��ieZklbq_kdb_
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beb��`b^db_���gh�\hafh`gh�ijbf_g_gb_�[eZ]hjh^guo�]Zah\�\�`b^dhf�beb�l\zj^hf��khk�

lhygbb�� beb� ieZklbg� dj_fgby�� K\_lhk[hj� kh� � kpbglbeebjmxsbo� � keh_\� h[uqgh

ijhba\h^blky� � k� � ihfhsvx� � k\_lh\h^h\�kf_klbl_e_c� � ki_dljZ�� gZau\Z_fuo� � \

aZjm[_`ghc� � ebl_jZlmj_  Wavelength   Shifter(WLS).� Wlhl� kihkh[�� \i_j\u_

ij_^eh`_gguc�R_jdebnhf�\������]���ihemqbe�\�gZr_�\j_fy�rbjhdh_�jZkijhkljZg_gb_�

Ijb�kmffZjghc�lhesbg_�Zdlb\gh]h�b�iZkkb\gh]h�kehz\�X�ihegZy�^ebgZ�T�lj_dh\
aZjy`_gguo�qZklbp�^_eblky�gZ�N qZkl_c�

                                             1� �L�O� ��(�(c) ⋅ (1/t),                                           (1)

]^_ t = X/X0� � �� lhesbgZ� kehy� \� _^bgbpZo� � jZ^bZpbhgghc� � ^ebgu�� Ec – djblbq_kdZy
wg_j]by�� �Bkihevamy� � jZkij_^_e_gb_� �ImZkkhgZ�� � fh`gh� � ihemqblv� � � ijb[eb`zggh_

h]jZgbq_gb_� gZ� wg_j]_lbq_kdh_� jZaj_r_gb_� kZg^\bqZ�� k\yaZggh_� k� nemdlmZpbyfb

dhebq_kl\Z� we_dljhgh\� b� ihabljhgh\�� � ijhr_^rbo� � q_j_a� Zdlb\guc� kehc� �lZd

gZau\Z_fu_ sampling�nemdlmZpbb).

σE/Esampl = 1/ N  = cE  ⋅ t/E  = 3.2% cE (Fw<��⋅ t/E  (=w<�.                 (2)

Ba� wlh]h� h]jZgbq_gby� fh`gh� k^_eZlv� \u\h^�� qlh� ^ey� ih]ehlbl_ey

ij_^ihqlbl_evg__�bkihevah\Zlv�\_s_kl\Z��k��fZehc��djblbq_kdhc�wg_j]b_c�Ek��Hlkx^Z

lZd`_� \b^gh�� � qlh� � lhesbgZ� � kehy� � ih]ehlbl_ey� ^he`gZ� [ulv� dZd� fh`gh� f_gvr_c�

H^gZdh� g_evay� aZ[u\Zlv�� qlh� mf_gvr_gb_� lhesbgu� ih]ehlbl_ey� ijb\h^bl� d

m\_ebq_gbx�\deZ^Z�\��wg_j]_lbq_kdh_�jZaj_r_gb_�wnn_dlh\��k\yaZgguo�k�ijh^hevgufb

nemdlmZpbyfb�eb\gy� >nhjfmeZ� ���]��Ijb� wlhf� �jZaj_r_gb_� � aZ\bkbl� �b� �hl� � lhesbgu

Zdlb\gh]h�\_s_kl\Z�

>ey��kehbkluo��^_l_dlhjh\��\_kvfZ��kms_kl\_ggufb�y\eyxlky�lZd`_�nemdlmZpbb

wg_j]_lbq_kdbo�ihl_jv dE/dx�\��Zdlb\ghf�\_s_kl\_��nemdlmZpbb�EZg^Zm��

Bf_xlky� lZd`_� nemdlmZpbb� ^ebgu� lj_dZ�� hij_^_ey_fu_� m]eh\uf� jZa[jhkhf

qZklbp�WFE�b�bo� �fgh]hdjZlguf� jZkk_ygb_f� \� \_s_kl\_� dZehjbf_ljZ��Ijb� � \u[hj_

f_lh^bdb� � j_]bkljZpbb� γ�d\Zglh\�b� we_dljhgh\� \ukhdhc� wg_j]bb� � ke_^m_l� mqblu\Zlv
\deZ^� dZ`^h]h� ba� ljzo� i_j_qbke_gguo� nZdlhjh\�� h]jZgbqb\Zxsbo� wg_j]_lbq_kdh_

jZaj_r_gb_�kZg^\bqZ�

<deZ^� \� wg_j]_lbq_kdh_� jZaj_r_gb_�� h[mkeh\e_gguc� klZlbklbdhc

nhlhwe_dljhgh\��aZ\bkbl��hl��ijZ\bevgh]h��ih^[hjZ��kpbglbeeylhjZ��WLS b�NWM��Wlhl

\deZ^�hij_^_ey_lky�ke_^mxs_c�nhjfmehc�

                          σph.st/E = 1/ 0N  ⋅ 1/ E  ,                                                          (3)

]^_�N0 ��dhebq_kl\h�nhlhwe_dljhgh\��\u[b\Z_fuo�ba�nhlhdZlh^Z��NWM�ijb�ihiZ^Zgbb�\

^_l_dlhj�qZklbpu�k�wg_j]b_c���=w<�

JZkkfhlj_ggu_� � h]jZgbq_gby� � gZ� � wg_j]_lbq_kdh_� � � jZaj_r_gb_�� djhf_

nemdlmZpbc�ijh^hevgh]h�jZa\blby�eb\gy�b�k\yaZgguo��k��gbfb�nemdlmZpbc�ih]ehs_gby

i_j_baemq_ggh]h�k\_lZ�\ WLS �ba�aZ�dhg_qghc�ijhajZqghklb���bf_xl� wg_j]_lbq_kdmx

aZ\bkbfhklv� lbiZ� ?
-1/2
�� \� lh� \j_fy� dZd� ihke_^gb_� bf_xl� aZ\bkbfhklv� kms_kl\_ggh

[he__� � keZ[mx� � Bf_ggh� � wlhl� � \deZ^� � klZgh\blky� � hij_^_eyxsbf� � ijb� \ukhdbo
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wg_j]byo�� � Bkoh^y� � ba� � ij_^iheh`_gby�� � qlh� aZlmoZgb_ k\_lZ� \� kf_klbl_e_� ki_dljZ
ijhbkoh^bl�ih�wdkihg_gpbZevghfm� aZdhgm��Z�eb\_gv�nemdlmbjm_l�\�kj_^g_f�gZ� �h^gm

jZ^bZpbhggmx�^ebgm, wlhl�\deZ^�fh`gh�ij_^klZ\blv�ke_^mxsbf�h[jZahf�

                                                   σWLS/E = 1 – exp[-(kt0/λ)],                                           (4)

]^_ t0 - jZ^bZpbhggZy�^ebgZ�^_l_dlhjZ� \� kZglbf_ljZo��λ� �� �^ebgZ� � aZlmoZgby� k\_lZ� � \
WLS  �\_ebqbgZ�� �oZjZdl_jbamxsZy� �ijhajZqghklv WLS  b�hij_^_ey_fZy�dZd�^ebgZ��gZ

dhlhjhc��dhebq_kl\h��k\_lZ��\�rbnl_j_�mf_gvrZ_lky��\�_�jZa�����dhwnnbpb_gl� k ≅ 0,8÷1,0
hij_^_ey_lky�dhgkljmdpb_c�^_l_dlhjZ�

<� lZ[e�� �� ijb\_^_gu� \_ebqbgu� σE/E  ijb� ? �� � =w<� � ^ey� � jZaebqguo� lbih\

kehbkluo�^_l_dlhjh\�b�h]jZgbq_gby��k\yaZggu_   

σE/Esampl,  σE/E/DQGZX, σE/Elong.

LZ[ebpZ �� σE/E  ijb (  � =w< ^ey jZaebqguo lbih\ kehbkluo dZehjbf_ljh\.

Lbi

dZehjbf_ljZ

Al/kpbgl Fe/LAr Cu/kpbgl W/Si Pb/Ar+CO2 U/kpbgl

LhesbgZ

iZkk/Zdl
\_s_kl\Z �ff�

89/30 1,5/2,0 5/2,5 7/0,2 2,0/10,.0 1,6/2,5

Wdki_jbf�\_ebq�

σE/E ijb
E �=w< ���

20 7,5 13,0 25,0 20,0 11,0

 σE/Esampl 23 4,8 9,2 19,1 8,2 10,6
σE/ELandau       3,8 1,0 1,0 4,5 8,7 1,0
σE/Elong 5,7 6,0 17,5 13,0 6,0

σE/Etot (jZkq_l� 23 7,5 12,0 25,9 17,7 12,2

H[sbfb� ^ey� \k_o� ki_dljhf_ljh\� ijbqbgZfb�� lZd`_� h]jZgbqb\Zxsbfb

wg_j]_lbq_kdh_��jZaj_r_gb_��y\eyxlky�

- rmfu�we_dljhgbdb��g_klZ[bevghklv�iv_^_klZeh\�b�\k_\hafh`gu_�gZ\h^db��

- rmfu�� \hagbdZxsb_� � ijb� � kmffbjh\Zgbb� � [hevrh]h� � dhebq_kl\Z� dZgZeh\

��dh]_j_glguc�rmf��

- g_lhqghklv�hij_^_e_gby�dZeb[jh\hqguo�dhwnnbpb_glh\�

- klZ[bevghklv�kbkl_fu�fhgblhjbjh\Zgby�wlbo�dhwnnbpb_glh\�\h�\j_f_gb�

- djZldh\j_f_ggZy�klZ[bevghklv�nhlh^_l_dlhjh\�

Kms_kl\m_l� [hevrh_� jZaghh[jZab_� dhgkljmdpbc� dZehjbf_ljh\�� bkihevamxsbo

f_lh^bdm� WLS. <� hkgh\ghf� hgb� hlebqZxlky� fZl_jbZehf� b� dhgkljmdpb_c� rbnl_jZ�

Wg_j]_lbq_kdh_� jZaj_r_gb_� ih^h[guo� ^_l_dlhjh\� fh`_l� [ulv� ^hklZlhqgh� ohjhrbf�

kjZ\gbfuf�k��jZaj_r_gb_f�ki_dljhf_ljh\�gZ�k\bgph\uo�klzdeZo�

Kpbglbeeypbhggu_� ki_dljhf_lju� h[eZ^Zxl� � \ukhdbfb� � \j_f_ggufb

oZjZdl_jbklbdZfb�� dhlhju_� mklmiZxl� lhevdh� � q_j_gdh\kdbf� � ki_dljhf_ljZf� ihegh]h

ih]ehs_gby�� <� gZklhys__� \j_fy� ihy\bebkv� kf_klbl_eb� ki_dljZ� k� hq_gv� fZeufb
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\j_f_gZfb� i_j_baemq_gby�� GZ� lZdbo WLS kha^Zgu� fh^meb� dZehjbf_ljh\� k

^ebl_evghklvx�\uoh^gh]h�bfimevkZ�nhlhmfgh`bl_ey� ≈����gk�
Hkgh\guf� g_^hklZldhf� � kZg^\bqZ� � k  WLS  y\ey_lky� � bo� � ijhkljZgkl\_ggZy

g_h^ghjh^ghklv�� k\yaZggZy� � k� � gZebqb_f� � rbnl_jZ�� AZjy`_ggu_� qZklbpu� eb\gy�

i_j_k_dZy� k\_lh\h^� �� kf_klbl_ev� ki_dljZ�� \uau\Zxl� \� gzf� q_j_gdh\kdbc� k\_l�� � Q_f

[eb`_� ijhoh^bl� hkv� eb\gy� hl� WLS, l_f� [hevrbc� \deZ^� \� kb]gZe� k�NWM� [m^_l� hg

\ghkblv�� LZdbf� h[jZahf,� hdheh� � rbnl_jh\� � h[jZamxlky� � lZd� gZau\Z_fu_� �]hjyqb_

ahgu���dhlhju_�mom^rZxl�h^ghjh^ghklv�^_l_dlhjZ�

<deZ^� q_j_gdh\kdh]h� baemq_gby� � \� � wg_j]_lbq_kdh_� � jZaj_r_gb_ ^_l_dlhjZ
fh`gh�aZibkZlv�\�ke_^mxs_f�\b^_:

                                          σK/E = σ1(X)/ E  ,                                                            (5)

]^_��σ1(X) -�aZ\bkbfhklv�nemdlmZpbc�q_j_gdh\kdh]h�k\_lZ�\�WLS  hl�dhhj^bgZlu�lhqdb

\oh^Z� we_dljhgZ�k� wg_j]b_c� ��=w<�\ ^_l_dlhj��Bkihevah\Zgb_�hij_^_ezgguo� ]Zkysbo

^h[Z\hd��\\h^bfuo�\ \_s_kl\h��k\_lh\h^Z��iha\hey_l�g_kdhevdh�mf_gvrblv�dhebq_kl\h

q_j_gdh\kdh]h�k\_lZ�

<lhjhc� ijbqbghc�� ijb\h^ys_c� d� ihy\e_gbx� �]hjyqbo� ahg��� y\ey_lky� gZebqb_

s_eb�� \� dhlhjhc� jZkiheZ]Z_lky� rbnl_j�� Ijb� ihiZ^Zgbb� qZklbpu� \� wlm� s_ev

we_dljhfZ]gblguc� eb\_gv� g_� jZa\b\Z_lky� ba�aZ� hlkmlkl\by� \_s_kl\Z�ih]ehlbl_ey�

Ke_^h\Zl_evgh��q_f�f_gvr_�lhesbgZ WLS, l_f�emqr_�h^ghjh^ghklv�\k_]h�^_l_dlhjZ�

4. F?EDHYQ?BKLUC�WE?DLJHF:=GBLGUC�D:EHJBF?LJ�G:�HKGH<?
K:G><BQ:�<HEVNJ:F���KPBGLBEEYLHJ

:evl_jgZlb\hc� kjZ\gbl_evgh� ^hjh]bf� ki_dljhf_ljZf� gZ� ly`zeuo� djbklZeeZo

fh`_l�[ulv�kZg^\bq�f_lZee�kpbglbeeylhj�

>ey� h[_ki_q_gby� fbgbfZevguo� jZaf_jh\� WF�eb\gy�� \� dZq_kl\_� iZkkb\gh]h

\_s_kl\Z�[ue�\u[jZg�f_lZeebq_kdbc�\hevnjZf��iehlghklvx�������]�kf
3
���jZ^bZpbhgghc

^ebghc  X0  �����kf�b�fhev_jh\kdbf�jZ^bmkhf RM = ����kf�� IZkkb\guc� kehc

ij_^klZ\ey_l��kh[hc�ieZklbgm�\hevnjZfZ���o���ff�b�lhesbghc�����ff��:dlb\guc�kehc

\uiheg_g� ba� ieZklbq_kdh]h� kpbglbeeylhjZ� � jZaf_jhf� ��o��� ff� b� lhesbghc� �� ff�

jZa^_ezgguc� f_lZeebabjh\Zgguf� fZceZjhf�� � g_h[oh^bfuf� � ^ey� � h[_ki_q_gby

k\_lhbaheypbb�f_`^m�kqzlqbdZfb��kf��jbk������

>ey�k[hjdb�[ehdZ�[ueh�jZajZ[hlZgh�ki_pbZevgh_��ijbkihkh[e_gb_��agZqbl_evgh

mijhklb\r__�b�mkdhjb\r__�k[hjdm��<�wlhf�`_�ijbkihkh[e_gbb�ijhba\h^beZkv�b�kly`dZ

[ehdZ� i_jfZeeh_\hc� e_glhc��>ey� wlh]h� \f_klh� ihke_^g_c� � \hevnjZfh\hc� � ieZklbgu

\deZ^u\ZeZkv� ieZklbgZ� ba� g_j`Z\_xs_c� klZeb�� d� dhlhjhc� lhq_qghc� � k\Zjdhc

ijb\Zjb\ZeZkv� i_jfZeeh_\Zy� e_glZ�� Ih^� e_glm� ih^deZ^u\Zeky� � f_lZeebabjh\Zgguc

fZceZj��h[_ki_qb\Zxsbc�k\_lhbaheypbx�f_`^m�yq_cdZfb���kf��jbk������

Rbnl_ju�lhesbghc�����ff�ijhdeZ^u\Zebkv�ih�^\Z�k�^\mo�ijhlb\hiheh`guo��g_

aZdjuluo�fZceZjhf�klhjhg���K\_lhbaheypby��^hklb]ZeZkv�imlzf�ijhdeZ^u\Zgby�f_`^m

gbfb� � ijh\hehdb� � lhesbghc� � ���� �ff�� � ;ehdb� ihf_sZebkv� \� � khklZ\ghc� � dhjh[� � ba

f_lZeebq_kdhc�nhev]b� dhlhjuc�kdj_ieyeky�lhq_qghc�k\Zjdhc�
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Jbk� ��� H[sbc \b^ [ehdZ�
PbnjZfb h[hagZq_gu� ��i_jfZeehc� ��f_lZeebabjh\Zgguc fZceZj� ��\hevnjZf�

��rbnl_j� ��ijh\hehdZ ��� ff� ��kpbglbeeylhj� ��k\_lhbaheypby f_`^m

kpbglbeeylhjZfb \ h^ghf keh_� ��NWM� Klj_edhc h[hagZq_gh gZijZ\e_gb_ imqdZ�

�Ih�wlhc�l_ogheh]bb�[ueb�kh[jZgu�q_luj_��[ehdZ���>ebgZ��[ehdZ��khklhys_]h�ba

���kehz\�\hevnjZf�kpbglbeeylhj��jZ\gZ����kf��qlh�khklZ\eyeh��hdheh�����jZ^bZpbhgguo

^ebg�

Kpbglbeeypbhggu_�ieZklbgu�ba]hlZ\eb\Zebkv�f_lh^hf�eblvy����ih^��^Z\e_gb_f

ba���]jZgme ihebklbjheZ���k ^h[Z\dZfb�POPOP b� p-l_jn_gbeZ�
Ihkdhevdm� � �wdki_jbf_glu� � �k� � �rbnl_jhf� � �ih^h[ghc� � �lhesbgu�ijh\h^bebkv

\i_j\u_�� � [ueb� � ijh\_^_gu� bkke_^h\Zgby� � ih� � ih^[hjm� hilbfZevgh]h� � khklZ\Z

ki_dljhkf_sZxs_c� � ^h[Z\db� b� � hilbfZevgh]h� ijhp_glgh]h� kh^_j`Zgby� ^h[Z\db� \

\_s_kl\_� �rbnl_jZ�� �<� �dZq_kl\_�ki_dljhkf_sZxs_c�^h[Z\db�[ueb�bkijh[h\Zgu�\k_

lbiu��DMF:JBGh\���K�dZ`^uf�DMF:JBGhf�  ba]hlZ\eb\ZeZkv��iZjlby��rbnl_jh\��k

jZaebqguf� ijhp_glguf� � � kh^_j`Zgbyfb� � � ^h[Z\db�� � � <� j_amevlZl_� bkke_^h\Zgbc

gZb[he__�hilbfZevghc�^h[Z\dhc�[ue�ijbagZg�DMF:JBG���

�GZ� ki_pbZevghf� kl_g^_� baf_jyeZkv� � � ^ebgZ� ih]ehs_gby� dZ`^h]h� rbnl_jZ�

Kj_^g__�agZq_gb_�_z�^ey��hlh[jZgguo�rbnl_jh\�jZ\gyeZkv����kf��JZa[jhk��agZq_gbc��g_

ij_\urZe������Rbnl_ju��kludh\Zebkv��k�NWM��[_a�hilbq_kdhc�aZfZadb�

         4.1.   J_amevlZlu�bkiulZgbc�gZ�imqd_

Bamq_gb_�fZd_lZ�ijh\h^behkv�gZ�imqd_�we_dljhgh\�k� � wg_j]b_c� ���=w<��FZd_l

jZkiheZ]Zeky�gZ�ih^\b`ghc�ieZlnhjf_��i_j_f_sZxs_cky�ih�^\mf�dhhj^bgZlZf�

����������DZeb[jh\dZ�fZljbpu�ba�����yq__d����o����ijhba\h^beZkv��imlzf�mklZgh\db�dZ`^hc

yq_cdb� \� imqhd�� Ijb� � wlhf� � \� � yq_cd_� � \u^_eyehkv� hdheh� ���� wg_j]bb� imqdZ�

Wg_j]_lbq_kdbc� ki_dlj� we_dljhgh\� k� wg_j]b_c� ��� =w<�� ihemq_gguc� k� h^bghqghc

yq_cdb���ihdZaZg� �gZ� �jbk��22Z��?]h�rbjbgZ�σ�?�≈�����GZ�jbk��22[�ihdZaZg�kmffZjguc
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ki_dlj� � kh� � \k_o� yq__d�� LbibqgZy�rbjbgZ� ki_dljZ� ijb� ihiZ^Zgbb� imqdZ� \� h^gm� ba

q_lujzo�p_gljZevguo�yq__d�σ�?�  2,4÷2,5%.
GZ� imqd_� we_dljhgh\� � [ueb� baf_j_gu� wg_j]_lbq_kdh_�� � ijhkljZgkl\_ggh_� � b

dhhj^bgZlgh_��jZaj_r_gby�����BamqZeZkv�lZd`_����h^ghjh^ghklv�^_l_dlhjZ�\�aZ\bkbfhklb

hl�dhhj^bgZlu�ihiZ^Zgby��we_dljhgZ��Z�lZd`_��aZ\bkbfhklv�h^ghjh^ghklb�^_l_dlhjZ�hl

m]eZ�ih\hjhlZ�ih�hlghr_gbx�d�imqdm�

Jbk� ��� Wg_j]_lbq_kdb_ ki_dlju we_dljhgh\ k wg_j]b_c �� =w<�

                                      Z� k h^bghqghc yq_cdb� [� kmffZjguc ki_dlj kh \k_c fZljbpu.

J_amevlZlu�baf_j_gby�g_h^ghjh^ghklb�ihdZaZgu�gZ� �jbk������ �]^_�ij_^klZ\e_gZ

aZ\bkbfhklv� kmffZjgh]h� wg_j]h\u^_e_gby� \� fZd_l_� hl� dhhj^bgZlu� � ihiZ^Zgby

we_dljhgZ�� �<b^gh�agZqbl_evgh_�memqr_gb_�h^ghjh^ghklb�ijb�ih\hjhl_�^_l_dlhjZ�gZ

g_[hevrhc�m]he������]jZ^mkZ�

Jbk� ��� AZ\bkbfhklv kmffZjgh]h wg_j]h\u^_e_gby hl dhhj^bgZlu ihiZ^Zgby we_dljhgZ�

h � m]he �h, • - 3h.

<� kjZ\g_gbb� k� ^_l_dlhjhf� � gZ� � djbklZeeZo� kZg^\bq� \hevnjZf�kpbglbeeylhj

bf__l�ijbf_jgh�\������jZaZ��om^r__��wg_j]_lbq_kdh_��jZaj_r_gb_��h^gZdh�_]h�klhbfhklv

gZ�ihjy^hd�\_ebqbgu�f_gvr_�
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���DHFI?GKBJH<:GGUC�K<BGPH<UC�:>JHGGUC�D:EHJBF?LJ

K�m\_ebq_gb_f� wg_j]bb�jhev� Z^jhgguo�dZehjbf_ljh\� aZf_lgh�\hajZklZ_l�ba�aZ

memqr_gby� bo� hkgh\guo� iZjZf_ljh\�� Hkh[_ggh� kms_kl\_gghc� hgZ� klZgh\blky� ^ey

wdki_jbf_glh\�gZ�dheeZc^_jZo�

DZehjbf_lju��m�dhlhjuo�hldebd�ijb�bo�h[emq_gbb�we_dljhgZfb� �e)�b�Z^jhgZfb
(h) jZ\ghc�wg_j]bb�h^bgZdh\��ijbgylh�gZau\Zlv�dhfi_gkbjh\Zggufb. IhgbfZgb_�jheb
hlghr_gby� e/h h]jZgbqbeh� bkihevah\Zgb_� l_o� beb� bguo� fZl_jbZeh\� ijb� kha^Zgbb
Z^jhgguo� dZehjbf_ljh\�� >hklbqv� \ukhdbo� oZjZdl_jbklbd� \� Z^jhgghc� dZehjbf_ljbb

fh`gh� lhevdh� \� lhf� kemqZ_�� _keb� \uihegy_lky� mkeh\b_� dhfi_gkZpbb�� ijb� dhlhjhf

hlghr_gb_�e/h = 1.
Bkihevah\Zgb_�k\bgpZ�\�dZq_kl\_�ih]ehlbl_ey�iha\hey_l�^hklbqv�dhfi_gkZpbb

ijb� hlghr_gbb� lhesbg� ����� Dhfi_gkZpby� fh`_l� [ulv� ihemq_gZ� lZd`_� ijb

bkihevah\Zgbb�mjZgZ��^ey�dhlhjh]h�wlh�hlghr_gb_�jZ\gh������K�`_e_ahf�^_eh�h[klhbl

]hjZa^h� keh`g__�� a^_kv� dhfi_gkZpby� fh`_l� [ulv� ^hklb]gmlZ� lhevdh� ijb� hlghr_gbb

lhesbg�∼10:1.
Ijb� \u[hj_� iZkkb\gh]h� \_s_kl\Z� ^he`gu� [ulv� mql_gu� b� ^jm]b_� nZdlhju� b�

ij_`^_� \k_]h�� \j_f_ggu_� oZjZdl_jbklbdb� dZehjbf_ljh\�� dhlhju_� aZ\bkyl� hl

bkihevam_fh]h� fZl_jbZeZ� ih]ehlbl_ey�� Baf_j_gby� ihdZau\Zxl�� qlh� hlghr_gb_� e/h
mjZgh\uo� dZehjbf_ljh\� klZgh\blky� [ebadbf� d� _^bgbp_� lhevdh� ijb� ^ebl_evghklb

\j_f_gb�bgl_]jbjh\Zgby�kb]gZeZ�ihjy^dZ�����gk_d��<�kemqZ_�`_�bkihevah\Zgby�k\bgpZ

beb�`_e_aZ�wlZ�\_ebqbgZ�mf_gvrZ_lky�\�≈���jZa�

   �����Dhgkljmdpby�fh^mey

Fh^mev� Z^jhggh]h� dZehjbf_ljZ� ij_^klZ\ey_l� � kh[hc� kZg^\bq� k\bg_p�

kpbglbeeylhj�� hlghr_gb_� lhesbg� dhlhjuo 4:1� [ueh� \u[jZgh� bkoh^y� ba� mkeh\bc
dhfi_gkZpbb�

Ihkdhevdm� wg_j]_lbq_kdh_� jZaj_r_gb_� dZehjbf_ljZ� � hkh[_ggh� ijb� � gbadbo

wg_j]byo� � �\� � � agZqbl_evghc� �f_j_� � �hij_^_ey_lky� kwfiebg]�nemdlmZpbyfb�� � lhesbgZ

iZkkb\gh]h� �kehy� �[ueZ� �\u[jZgZ�kjZ\gbl_evgh� �g_[hevrhc� �b� �jZ\ghc  16� �ff�� �Ijb
wlhf��lhesbgZ�kpbglbeeylhjZ�jZ\gZ 4�ff��Ihi_j_qgu_�jZaf_ju�fh^mey  100�o 100 ff2,
\_k  ∼120�d]�

IZd_l� � � k\bg_p�kpbglbeeylhj� � � kly]b\Z_lky� � � klZevghc� � � e_glhc� � lhesbghc

0,5��ff��b��mdeZ^u\Z_lky��\��^\Z��i�h[jZaguo� �dhjh[Z��ba]hlh\e_gguo�ba�lhc�`_�klZeb�
Dj_ie_gb_�dhjh[h\�^jm]�d�^jm]m�hkms_kl\ey_lky�lhq_qghc�k\Zjdhc�

L_ogheh]by� k[hjdb�fh^me_c� iha\hey_l� kh[bjZlv� bo� [_a� dZdbo-eb[h� k_jvzaguo
i_j_^_ehd�k�ex[hc�lhesbghc�ih�imqdm�\iehlv�^h 8 y^_jguo�^ebg��BkiulZggu_�gZfb
fh^meb�khklhyeb�ba 64�iZj�k\bg_p-kpbglbeeylhj�h[s_c�lhesbghc�≈ 6,5�y^_jguo�^ebg�
;ueh�ba]hlh\e_gh�lZd`_�g_kdhevdh�fh^me_c��bf_xsbo�≈ 8�y^_jguo�^ebg�

>ey� � h[_ki_q_gby� � g_h[oh^bfhc� � `zkldhklb� � fh^mey� � i_j\Zy� � b� ihke_^gyy

ieZklbgu� \uiheg_gu� ba� klZeb�� Ijb� ba]hlh\e_gbb� fh^me_c� k� dhebq_kl\hf� y^_jguo

^ebg�hdheh 8,� �h^gZ�ba�kj_^gbo�k\bgph\uo�ieZklbg�lZd`_�aZf_gy_lky�gZ�ieZklbgm�ba
klZeb��Wlh�g_�ijb\h^bl�d�mom^r_gbx�oZjZdl_jbklbd�^_l_dlhjZ��h^gZdh�mijhsZ_l�_]h

k[hjdm�� Z� lZd`_� h[_ki_qb\Z_l� g_h[oh^bfmx� `zkldhklv� fh^me_c� \� kh[jZgghf

^_l_dlhj_.
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Jbk� ��� Ko_fZlbqgh_ bah[jZ`_gb_ fh^mey Z^jhggh]h dZehjbf_ljZ�

                                           1 – kpbglbeeypbhggu_ ieZklbgu� � ± k\bgph\uc ih]ehlbl_ev�

                                           3 – WLS; 4 – nhlhmfgh`bl_ev�

Ko_fZlbqgh_�bah[jZ`_gb_�fh^mey�ij_^klZ\e_gh�gZ�jbk������Fh^mev�jZajZ[hlZg�\

^\mo� \ZjbZglZo�� h^bg -� ^ey� jZ[hlu� \� h[s_f� k\_lhaZsblghf� dh`mo_�� ^jm]hc -� k
bg^b\b^mZevghc�k\_lhbaheypb_c�

   5.2. Kpbglbeeylhj�b�k\_lh\h^�kf_klbl_ev�ki_dljZ

Kpbglbeeypbhggu_�ieZklbgu�ba]hlZ\eb\Zxlky�f_lh^hf�eblvy�ih^�^Z\e_gb_f�ba

]jZgme� ihebklbjheZ� k� ^h[Z\dZfb� JHJHJ� b� j�l_jn_gbeZ. K\_lh\uoh^� lZdh]h

kpbglbeeylhjZ� [ebahd� d� k\_lh\uoh^m� ba\_klgh]h� kpbglbeeylhjZ NE-110.
G_h^ghjh^ghklv�k\_lhk[hjZ�k�ieZklbgu�qZklbqgh�dhfi_gkbjh\ZeZkv��qzjghc��[mfZ]hc�

aZdju\Zxs_c��lj_lv��iehsZ^b��ieZklbgu��[eb`Zcr_c�d�k\_lh\h^m�kf_klbl_ex�ki_dljZ

(WLS).� Baf_j_ggZy� k� ihfhsvx� jZ^bhZdlb\gh]h� bklhqgbdZ� g_h^ghjh^ghklv

kpbglbeeypbhgghc�ieZklbgu�[ueZ�g_�om`_��� 2%.
Hkh[h_� agZq_gb_� ijb� ba]hlh\e_gbb� kpbglbeeylhjh\� eblv_\uf� kihkh[hf� bf__l

jZa[jhk� � � k\_lh\uoh^Z� � hl� � � ieZklbgu� � d� � � ieZklbg_�� � Ijh\_^zggu_� � � \� � � oh^_

ba]hlh\e_gby� � baf_j_gby� � ihdZaZeb�� � qlh� jZa[jhk� k\_lh\uoh^h\ 6� lukyq� ieZklbg
khklZ\be� � ≈ 5%. IeZklbgu� ih]ehlbl_ey� [ueb� ba]hlh\e_gu� eblv_\uf� kihkh[hf� ba
k\bgpZ�k�^h[Z\dhc ≈3%�kmjvfu��dhlhjZy�agZqbl_evgh�m\_ebqbeZ�_]h�ijhqghklv.

>ey�hibku\Z_fh]h�fh^mey�gZfb�kh\f_klgh�k�ijhfure_gghklvx�[ue�jZajZ[hlZg

h[tzfguc WLS� ba� IFF:� k� ^h[Z\dhc� kf_klbl_ey� ki_dljZ� DMF:JBG����

Dhgp_gljZpby� ihke_^g_]h� [ueZ� hilbfbabjh\ZgZ� lZdbf� h[jZahf�� qlh[u� ^ebgZ

ih]ehs_gby� k\_lZ� \ WLS� lhesbghc 2� ff� [ueZ� hdheh 2� f�� Ijb� ba]hlh\e_gbb WLS
bkihevah\Zeky� kihkh[� hjb_glZpbb� fhe_dme� IFF:� � imlzf� _]h� ijhly]b\Zgby� q_j_a

nbev_jm��Hjb_glZpby�fhe_dme WLS�iha\hebeZ�\�a1,5�jZaZ�m\_ebqblv�^ebgm�ih]ehs_gby

k\_lZ� b� aZf_lgh� memqrblv� _]h� jZ^bZpbhggmx� klhcdhklv�� >ebgZ WLS aZ\bkbl� hl
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dhebq_kl\Z�y^_jguo�^ebg�\�dZehjbf_lj_�b�khklZ\ey_l 180 kf�ijb�lhesbg_�^_l_dlhjZ 8
y^_jguo�^ebg�

Wg_j]_lbq_kdh_� jZaj_r_gb_� Z^jhgguo� dZehjbf_ljh\� ijb� \ukhdbo� wg_j]byo� \

agZqbl_evghc� f_j_� hij_^_ey_lky� ihklhygguf� qe_ghf�� \_ebqbgZ� dhlhjh]h� aZ\bkbl� hl

ijhajZqghklb WLS.� Wlh� k\yaZgh� k� ijh^hevgufb� nemdlmZpbyfb� Z^jhggh]h� eb\gy�
dhlhju_�keZ[h�aZ\bkyl�hl�wg_j]bb��<�jZ[hl_ 7

�ijb\_^_gu�aZ\bkbfhklb�wg_j]_lbq_kdh]h

jZaj_r_gby� dZehjbf_ljZ� hl� wg_j]bc� ijb� jZaguo� ^ebgZo� ih]ehs_gby� k\_lZ� \ WLS.
<b^gh��qlh�ijb�wg_j]byo�Z^jhgh\�\�g_kdhevdh�khl�=w<�^ebgZ�ih]ehs_gby�k\_lZ�\ WLS
^he`gZ�[ulv�g_�f_g__  5�f_ljh\�

Ba]hlh\blv WLS� k� lZdbfb� oZjZdl_jbklbdZfb� \_kvfZ� g_ijhklh�� H^gZdh

kms_kl\mxl� � � g_kdhevdh� � � ijhkluo� � � kihkh[h\� � � m\_ebq_gby� wnn_dlb\ghc� � ^ebgu

ih]ehs_gby��\iehlv��^h����^_kylb�f_ljh\���Ijb��wlhf��m\_ebq_gb_��^ebgu��ih]ehs_gby

k\_lZ  WLS hkms_kl\ey_lky�aZ�kqzl�_]h�agZqbl_evguo�ihl_jv�

GZfb� bkihevah\Zebkv� fZkdb� [10]�� dhlhju_� jZkiheZ]Zebkv� f_`^m

kpbglbeeylhjZfb�b WLS.� �H^gZdh�iha`_�[ueb�ijbf_g_gu� debghh[jZagu_�ihehku�ba
qzjghc�[mfZ]b��jZkiheZ]Zxsb_ky�gZ� �ijhlb\hiheh`ghc� �hl� �kpbglbeeylhjh\� �klhjhg_

k\_lh\h^Z� � b� h[jZszggu_� � hkgh\Zgb_f� � d� � NWM�� � Wlb� � debgvy� � gZde_b\Zebkv� � gZ

Zexfbgbabjh\Zgguc�fZceZj��dhlhjuf�[ue�h[lygml� � � � � �i�h[jZaguc�dhjh[��<f_kl_� � �k

a_jdZehf�� � �jZkiheh`_gguf� �gZ� �ijhlb\hiheh`ghf� � hl�nhlhmfgh`bl_ey� dhgp_ WLS,
debgvy� iha\hebeb� m\_ebqblv� wnn_dlb\gmx� ^ebgm� ih]ehs_gby� k\_lZ� ^h� a 5� f_ljh\�
;he__�lsZl_evguf�ih^[hjhf�nhjfu�ihehk�fh`gh�^h[blvky�\ukhdhc�ebg_cghklb WLS
gZ�\k_c�_]h�^ebg_��aZ�bkdexq_gb_f�[eb`Zcrbo�d�NWM 20-30�kf�

Hkh[h_�\gbfZgb_�h[jZsZehkv�gZ�ebg_cghklv�oZjZdl_jbklbdb WLS gZ�_]h�i_j\uo
10�kf��DZd�[m^_l�ihdZaZgh�gb`_��wlZ�h^ghjh^ghklv�kbevgh�\eby_l�gZ�hlghr_gb_ e/h��ijb
_]h�baf_j_gbb�gZ�imqdZo�we_dljhgh\�

Lhj_p  WLS,� �h[jZs_gguc� �d� �nhlhmfgh`bl_ex�� �gZ]j_\Zeky� �b�k\hjZqb\Zeky� �\

ljm[dm� k� fZdkbfZevguf� ^bZf_ljhf 20� ff�� H^gZdh� \� oh^_� wdkiemZlZpbb� fh^me_c� k
lZdbfb WLS�[ueZ�\uy\e_gZ�bo�aZf_lgZy�^he]h\j_f_ggZy����g_klZ[bevghklv�����k\yaZggZy
k� � � � mom^r_gb_f� ijhajZqghklb� � k\_jgmlh]h� � dhgpZ� � kh� � \j_f_g_f�� �Wlb� � baf_g_gby

oZjZdl_jgu� � ^ey� � hjb_glbjh\Zggh]h� � IFF:� � ba�aZ� � \hagbdgh\_gby� \gmlj_gg_c

hklZlhqghc� gZijy`_gghklb� b� mom^r_gby� ijhajZqghklb� ijb� ^Z`_� g_agZqbl_evghf

i_j_]j_\_�ijb�nhjfh\d_�

<�k\yab�k�wlbf�fu�hldZaZebkv�hl�hibkZgghc�\ur_�l_ogheh]bb�b�h[j_aZeb�dhg_p

WLS�ih^�jZaf_j�nhlhmfgh`bl_ey��dZd�wlh�ihdZaZgh�gZ�jbk�� ����Ijb�wlhf�dhebq_kl\h
k\_lZ� mf_gvrbehkv� \ ≈2� jZaZ�� qlh� ijZdlbq_kdb� g_� ih\ebyeh� gZ� oZjZdl_jbklbdb
dZehjbf_ljZ�� �LZdZy�nhjfZ  WLS� �d� �lhfm� �`_� � �agZqbl_evgh� �mf_gvrbeZ� �dhebq_kl\h

q_j_gdh\kdh]h� � k\_lZ�� � h[jZam_fh]h� � \� � k\_lh\h^_� � \ul_dZxsbfb� ba� fh^mey

aZjy`_ggufb�qZklbpZfb�eb\gy�

DZ`^uc  WLS� � i_j_^� � mklZgh\dhc� � \� � fh^mev� � ijh\_jyeky� � gZ

Z\lhfZlbabjh\Zgghf� �kl_g^_�� �Kj_^gyy� �\_ebqbgZ� �^ebgu� �ih]ehs_gby�k\_lZ�\ WLS�k
debghf�ijb�baf_j_gbb��a100�rlmd�khklZ\beZ��a 5�f�

Dhgkljmdpby���fh^mey��iha\hey_l���f_gylv   WLS���\���kemqZ_�g_h[oh^bfhklb�[_a
jZa[hjZ�\k_]h�dZehjbf_ljZ��Ijb�wlhf�ijh\_^_gb_�ih\lhjghc�dZeb[jh\db�g_�lj_[m_lky�

lZd�dZd�kZfb�fh^meb�hlebqZxlky�^jm]�hl�^jm]Z�g_�[he__�q_f�gZ�5%,��Z  WLS��kh��k\hbf
NWM�fh`_l��[ulv�hldZeb[jh\Zg�\�^jm]hf�fh^me_�

                                                          
7  Akesson I. et al. Preprint CERN-EP/85-806.-CERN.1985.
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      �����Kbkl_fZ�dhgljhey�b�fhgblhjbjh\Zgby

>ey�dhgljhey�klZ[bevghklb�kbkl_fu�fhgblhjbjh\Zgby�^_l_dlhjh\�wdki_jbf_glZ

G?ILMG�gZ�k\_lh^bh^Zo�ij_^iheZ]Zehkv�bkihevah\Zlv�k\_lh\u_�bklhqgbdb�gZ�hkgh\_

jZ^bhZdlb\guo� bahlhih\,� \g_^j_gguo� \� g_hj]Zgbq_kdb_� kpbglbeeylhju�� H^gZdh

kms_kl\h\Z\rb_� k\_lh\u_� bklhqgbdb� gZ� hkgh\_� ba\_klguo� kpbglbeeypbhgguo

fZl_jbZeh\� h[eZ^Zeb� iehobf� wg_j]_lbq_kdbf� jZaj_r_gb_f�� g_ebg_cghklvx

k\_lh\uoh^Z� ijb� j_]bkljZpbb� α�qZklbp� jZaguo� wg_j]bc�� � g_m^h\e_l\hjbl_evgufb
nbabdh�obfbq_kdbfb� k\hckl\Zfb� bkihevam_fuo� kpbglbeeylhjh\� b� [hevrbfb

jZaf_jZfb�

�GZbemqrb_�j_amevlZlu�[ueb�^hklb]gmlu�ijb�bkihevah\Zgbb�djbklZeeh\�NaI(Tl)
b�CsI(Tl).�H^gZdh� [hevrh_� \j_fy� \uk\_qb\Zgby� wlbo� kpbglbeeylhjh\� ����� b� ����� gk

khhl\_lkl\_ggh�� ih� kjZ\g_gbx� k� \j_f_g_f� \uk\_qb\Zgby� � ^_l_dlhjh\� gZ� hkgh\_

hj]Zgbq_kdbo� kpbglbeeylhjh\ lj_[m_l� eb[h� bkihevah\Zgby� ^hihegbl_evgh]h

baf_jbl_evgh]h� dZgZeZ�� eb[h� m\_ebq_gby� ^ebl_evghklb� ebg_cguo� \hjhl� \

ij_h[jZah\Zl_e_� Zfieblm^Z/dh^�� qlh� kms_kl\_ggh� mom^rZ_l� \j_f_ggh_� jZaj_r_gb_

^_l_dlhjZ�� Djhf_� lh]h�� jZ^bhZdlb\guc� bahlhi� \� lZdb_� bklhqgbdb� \\h^blky� \� h[tzf

djbklZeeh\�ijb�bo�\ujZsb\Zgbb��qlh�kbevgh�mom^rZ_l�wg_j]_lbq_kdh_�jZaj_r_gb_�^ey

α�qZklbp�� GZg_k_gb_� bahlhih\� gZ� ih\_joghklb� wlbo� djbklZeeh\� aZljm^g_gh� ba�aZ� bo
]b]jhkdhibqghklb�

>ey� wdki_jbf_glZ� G?ILMG� [ueb� jZajZ[hlZgu� b� ba]hlh\e_gu� k\_lh\u_

bklhqgbdb�� \� dhlhjuo� \� dZq_kl\_� kpbglbeeylhjh\� bkihevah\Zebkv� djbklZeeu

YAlO3:Ce8
�� ?]h� hkgh\gu_� oZjZdl_jbklbdb� � � ijb\_^_gu� \� lZ[e�� 3� \f_kl_� k

oZjZdl_jbklbdZfb�CsI(Tl)�djbklZeeZ�
Dhgkljmdpby� k\_lh\h]h� bklhqgbdZ�� ba]hlh\e_ggh]h� gZ� [Za_� mdZaZggh]h

kpbglbeeylhjZ��ijb\_^_gZ�gZ� jbk�� ����<�p_glj� � djbklZeeZ� jZaf_jhf� �� o� ��o� �����ff
3

gZghkbeky� fbdjhbklhqgbd� �
238Pu, 241Am� beb� h^bg� ba� bahlhih\� Th�� k� Zdlb\ghklvx

50÷200 ;d�� ihke_� q_]h� djbklZee� miZdh\u\Zeky� \h�nlhjhieZklh\uc� beb� Zexfbgb_\uc

dhjimk�� <u[hj� bahlhiZ�
238Pu [ue� h[mkeh\e_g� hlkmlkl\b_f� \� _]h� baemq_gbb

γ�dhfihg_glu���y\eyxs_cky�nhghf�

                        LZ[ebpZ ��

KpbglbeeylhjOZjZdl_jbklbdZ

YAlO3:Ce CsI(Tl)
>ebgZ \hegu exfbgbkp_gpbb� gf

<j_fy \uk\_qb\Zgby� gk
IhdZaZl_ev ij_ehfe_gby

Iehlghklv� ]/kf3

K\_lh\uoh^ hlghkbl_evghNaI(Tl), %
=b]jhkdhibqghklv

L_fi_jZlmjguc dhwnnbpb_gl� �K

374
28

1,93
5,55
40
G_l

0,39

565
1000
1,8
4,51
45

KeZ[Zy

0,24 ÷ 0,47

K\_lh\hc� bklhqgbd� dj_iblky� g_ihkj_^kl\_ggh� gZ� k\_lhqm\kl\bl_evgmx

ih\_joghklv� nhlhijb_fgbdZ��GZ� jbk�� ��� ij_^klZ\e_g� Zfieblm^guc� ki_dlj� k\_lh\uo

bklhqgbdh\�k�
238 3X�bahlhihf��gZ�jbk�������k��bahlhihf�239 Th.

                                                          
8  Baryschevsky V.G. et al.//Nucl.Instr.Meth. 1991. V.B58. P.291.
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<ukhdh_� wg_j]_lbq_kdh_� jZaj_r_gb_� bklhqgbdZ� ijb� j_]bkljZpbb� α�qZklbp
(σE/? ������ b� fZeh_� \j_fy� \uk\_qb\Zgby� fhghdjbklZeeZ� <$O23:Ce iha\heyxl
agZqbl_evgh� khdjZlblv� \j_fy�� g_h[oh^bfh_� ^ey� gZ[hjZ� klZlbklbdb� ijb

fhgblhjbjh\Zgbb�^_l_dlhjh\��LZd��ijb�Zdlb\ghklb�bklhqgbdZ����;d�b�agZq_gbb   σ ≅ 3%
lhqghklv� dhgljhey� wg_j]_lbq_kdhc� rdZeu� ����� ^hklb]Z_lky� aZ� \j_fy� ihjy^dZ

g_kdhevdbo�fbgml�

Jbk� ��� Dhgkljmdpby k\_lh\h]h bklhqgbdZ� Jbk� ��� :fieblm^guc ki_dlj bklhqgbdZ

k 2383X�bahlhihf�

Jbk� ��� :fieblm^guc ki_dlj bklhqgbdZ k 233Th.                         Jbk� ��� AZ\bkbfhklv k\_lh\uoh^Z bklhq�
                                             gbdZ hl wg_j]bb α�qZklbp�

Kpbglbeeylhj� YAlO3�&H� h[eZ^Z_l� [hevrbf� k\_lh\uoh^hf�� \� h^ghf� bfimevk_

j_]bkljbjm_lky� ������ luk�� nhlhwe_dljhgh\� �NWM� OJ����4�� b� \ukhdhc� ebg_cghklvx

k\_lh\uoh^Z� ijb� j_]bkljZpbb� α�qZklbp� jZaguo� wg_j]bc�� GZ� jbk�� ��� ijb\_^_gZ
aZ\bkbfhklv�iheh`_gby�fZdkbfmfh\�ki_dljh\�h^gh]h�ba�bahlhih\�7K��bf_xs_]h�iylv

α�ebgbc��hl�wg_j]bb�α�qZklbp��Hldehg_gb_�hl�ijyfhc��ijh\_^_gghc�ih�iylb�lhqdZf��g_
ij_\urZ_l�±����Ijb�wlhf�bfimevk�k�NWM�^ey��α�qZklbp�k�Eα = 8376 dw<�wd\b\Ze_gl_g



28

bfimevkm� k� fh^mey� Z^jhggh]h� dZehjbf_ljZ� ijb� j_]bkljZpbb� bf� qZklbp� k� wg_j]b_c

hdheh�����=w<�

HibkZggu_� k\_lh\u_� bklhqgbdb� [ueb� jZajZ[hlZgu� Z\lhjhf� ^ey� Z^jhggh]h� b

we_dljhfZ]gblguo� dZehjbf_ljh\� wdki_jbf_glZ� G?ILMG�� Ijb� wlhf� bklhqgbdb

mklZgZ\eb\Zxlky� gZ� dZ`^uc� fh^mev� Z^jhggh]h� dZehjbf_ljZ� b� gZ� h^gm� ba� ��� yq__d

kmi_jfh^mey� we_dljhfZ]gblgh]h� dZehjbf_ljZ�� bf_xs_]h� Z\lhghfgmx� kbkl_fm

fhgblhjbjh\Zgby� gZ� k\_lh^bh^Zo�� Kb]gZeu� hl� k\_lh\uo� bklhqgbdh\� j_]bkljbjmxlky

f_`^m� pbdeZfb� mkdhjbl_ey�� Ljb]]_jhf� � kem`bl� kmffZ� kb]gZeh\� kh� \k_o� fh^me_c

�bkihevamxlky�\uoh^u�k�ihke_^gbo�^bgh^h\�NWM��

JZajZ[hlZggu_� k\_lh\u_� bklhqgbdb� l_ogheh]bqgu� \� ba]hlh\e_gbb� b� bf_xl

fZeuc� jZa[jhk� iZjZf_ljh\�� <� iZjlbb� ba� ���� rlmd� jZa[jhk� Zfieblm^� bfimevkh\

khklZ\eye�hdheh�����ijb�agZq_gbb�σΕ/Ε = (3 ± 0,4)%.
<�jZ[hl_�[4]�gZfb�bamqZehkv�ih\_^_gb_�^Zgguo�bklhqgbdh\�\�fZ]gblghf�ihe_�^h

10 d=. Baf_g_gby� k\_lh\uoh^Z� b� mom^r_gby� wg_j]_lbq_kdh]h� jZaj_r_gby� \� ij_^_eZo

hrb[hd���g_kdhevdh�ijhp_glh\��h[gZjm`_gh�g_�[ueh�   �jbk����������

     Jbk� ��� AZ\bkbfhklv k\_lh\uoh^Z bklhqgbdZ hl Jbk� ��� <ebygb_ fZ]gblgh]h ihey gZ

fZ]gblgh]h ihey.                                                                          wg_j]_lbq_kdh_ jZaj_r_gb_�

Djhf_� �wlh]h�� �Z^jhgguc�dZehjbf_lj� �bf__l�h[smx� �kbkl_fm� �fhgblhjbjh\Zgby

gZ� k\_lh^bh^Zo�� k\_l� hl� dhlhjuo� jZa\h^blky� hj]Zgbq_kdhc�nb[_jhilbdhc� gZ� dZ`^uc

fh^mev��>ey�wlh]h�\�i_j_^g_c�klZevghc�ieZklbg_�fh^mey�bf__lky�jZatzf�^ey�nbdkZpbb

nb[_jhilbdb�

<�dZehjbf_lj_�bkihevamxlky�rbjhdh�ba\_klgu_�nhlhmfgh`bl_eb����� NWM 84-3.
<� ^Zgghc� dhgkljmdpbb� hgb� ihf_s_gu� \� ^\hcghc� fZ]gblguc� wdjZg�� khklhysbc� ba

i_jfZeehy� b� klZevgh]h� klZdZgZ� lhesbghc 3� ff�� LZdh_� � wdjZgbjh\Zgb_� � iha\hey_l
h[_ki_qblv��jZ[hlm��^_l_dlhjZ��\�fZ]gblguo�iheyo�^h 100�=Zmkk�
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   �����Baf_j_gby�gZ�imqdZo

 Ko_fZ�baf_j_gbc

Baf_j_gby� �oZjZdl_jbklbd� �fZd_lZ� � Z^jhggh]h� � dZehjbf_ljZ�� khklhys_]h�ba 30
fh^me_c��fZljbpZ���o���fh^me_c���ijh\h^bebkv�gZ�imqdZo�ijhlhgh\�k�wg_j]b_c 70�=w<�
\u\_^_gguo�ba�mkdhjbl_ey�k�ihfhsvx�bah]gmlh]h�djbklZeeZ�dj_fgby�� �b�π-

�f_ahgh\�k

wg_j]b_c 39 =w<�� � >ey� baf_j_gby� hlghr_gby e/h� bkihevah\Zeky� imqhd� qbkluo
we_dljhgh\�k�wg_j]b_c 26,6�=w<�

FZljbpZ� � �fh^me_c� �ihf_sZeZkv� � �gZ� � �ih^\b`gmx� �ieZlnhjfm��iha\heyxsmx�k

lhqghklvx ≈ 1�ff�ih�h[_bf�dhhj^bgZlZf�mklZgZ\eb\Zlv�\�imqhd�dZ`^uc�ba�gbo�

      DZeb[jh\dZ�b�baf_j_gb_�hlghr_gby� µ/h

DZeb[jh\dZ� fZd_lZ� ijh\h^beZkv� imlzf� mklZgh\db� dZ`^h]h� fh^mey� \� imqhd�

Ihke_�gZ[hjZ�≈10�lukyq�kh[ulbc�ki_dlj��ihemq_gguc�k�dZ`^h]h�fh^mey��nblbjh\Zeky�
ijb� wlhf� iheh`_gb_� _]h� fZdkbfmfZ� bkihevah\Zehkv� \� dZq_kl\_� dZeb[jh\hqgh]h

dhwnnbpb_glZ�

GZ� � jbk�� ��� ij_^klZ\e_gu� � ki_dlju� � k� � h^bghqgh]h� � fh^mey�� ihemq_ggu_� gZ

qbklhf� imqd_� µ-
�f_ahgh\� �jbk�� ��Z�� b� \� h[h]Zs_gghf� fxhgZfb� imqd_ π-

�� f_ahgh\

�jbk��31[���Ih�gbf��fh`gh�hij_^_eblv��dZdZy�\u^_e_ggZy�wg_j]by�khhl\_lkl\m_l�    µ--
f_ahgm��Ijb�wlhf�ke_^m_l�mq_klv��qlh�\�h^ghf�fh^me_�dZehjbf_ljZ�ih]ehsZ_lky�lhevdh

hdheh�����wg_j]bb�Z^jhgZ��Ijb�baf_j_gbyo��hlghr_gbc��kb]gZeh\��fxhgh\��b��Z^jhgh\

[ueZ� � \uy\e_gZ� � ^h\hevgh� kms_kl\_ggZy� aZ\bkbfhklv� wlh]h� hlghr_gby� hl� ^ebgu

ih]ehs_gby� k\_lZ� \ WLS.� Ijb� bkihevah\Zgbb� hibkZggh]h� \ur_� debgZ� ba� qzjghc

[mfZ]b�wg_j]by��\u^_ey_fZy�  µ-
�f_ahghf�\�fh^me_��khhl\_lkl\m_l�≈ 3,5�=w<�

Jbk� ��� Ki_dlju kb]gZeh\ k h^bghqgh]h fh^mey�

            Z� gZ qbklhf imqd_ µ-�f_ahgh\�

            [� gZ h[h]Zszgghf µ-�f_ahgZfb imqd_ π-�f_ahgh\ k wg_j]b_c ≈�� =w<�
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   Baf_j_gb_�h^ghjh^ghklb�dZehjbf_ljZ

DZd� hlf_qZehkv� \ur_�� gZb[he__� kms_kl\_gguf� g_^hklZldhf� ^_l_dlhjh\� lbiZ

kZg^\bq�k�ihehkdh\uf�kf_klbl_e_f�ki_dljZ�y\ey_lky�bo�g_h^ghjh^ghklv��k\yaZggZy� �k

gZebqb_f  WLS.� � LZd� � gZau\Z_fu_� � �]hjyqb_� � ahgu�� h[tykgyxlky�� � \h�i_j\uo�
hlkmlkl\b_f� fZl_jbZeZ -� ih]ehlbl_ey� \� f_kl_� � jZkiheh`_gby  WLS� � b�� � \h�\lhjuo�
h[jZah\Zgb_f� � \� � gzf� q_j_gdh\kdh]h� k\_lZ� aZjy`_ggufb� qZklbpZfb� eb\gy�� >ey

mf_gvr_gby�wlbo�wnn_dlh\�gZfb�bkihevah\Zeky WLS�lhesbghc 2�ff��Ijb�wlhf�s_ev�

hklZ\ey_fZy�^ey�g_]h�\�fh^me_���g_�ij_\urZeZ 2,5�ff�
Dhebq_kl\h� q_j_gdh\kdh]h� k\_lZ�� dhlhjh_�� _kl_kl\_ggh�� lZd`_� aZ\bkbl� hl

lhesbgu WLS,�fh`_l�[ulv�mf_gvr_gh�imlzf�\\_^_gby�]Zkysbo�mevljZnbhe_l�^h[Z\hd

\�h[tzf�k\_lh\h^Z�

GZ� � jbk�� ��� � ijb\_^_gu� � j_amevlZlu� � baf_j_gbc� � h^ghjh^ghklb� ^_l_dlhjZ� ijb

^\mo�m]eZo�iZ^_gby�Z^jhgh\  0°�b 3°.�GZ� wlhf�`_�jbkmgd_�ij_^klZ\e_gu� aZ\bkbfhklb
wg_j]_lbq_kdh]h� jZaj_r_gby� ijb� l_o� `_� agZq_gbyo� m]eh\�� <b^gh�� qlh� ijb 0°
h^ghjh^ghklv� ^_l_dlhjZ� y\ey_lky� lbibqghc� ^ey� � ^_l_dlhjh\� � ih^h[gh]h� � lbiZ� � b

hij_^_ey_lky� � dZd� � \deZ^hf� q_j_gdh\kdh]h� k\_lZ� �g_[hevrhc� ih^tzf� \� jZchg_

jZkiheh`_gby WLS), lZd� b� gZebqb_f�s_eb�� Ijb� ih\hjhl_� gZ� m]he 3°� h^ghjh^ghklv
aZf_lgh� memqrZ_lky,� b� \� gZr_f� kemqZ_� g_h^ghjh^ghklv� g_� ij_\urZ_l� � � 5%. Ijb
gZebqbb� g_[hevrh]h� m]eZ� g_� � ijhbkoh^bl� lZd`_� j_adbo� kdZqdh\� \� wg_j]_lbq_kdhf

jZaj_r_gbb�dZehjbf_ljZ�

Ijh\_^_ggu_� � � �baf_j_gby� � � aZ\bkbfhklb� � � dhebq_kl\Z� q_j_gdh\kdh]h k\_lZ� hl
m]eZ�iZ^_gby�qZklbpu�ihdZaZeb��qlh�ijb�m]eZo�≈ 3°��hgh��mf_gvrZ_lky��\��a  2��jZaZ�

Jbk� ��� H^ghjh^ghklv dZehjbf_ljZ b wg_j]_lbq_kdh_ jZaj_r_gb_ \ aZ\bkbfhklb

             hl m]eZ iZ^_gby qZklbpu� • - 0h� o ± �h.

<_jlbdZevgh_��jZkiheh`_gb_  WLS��\��dZehjbf_lj_����iha\hey_l�ih\_jgmlv�_]h�gZ
g_kdhevdh� ]jZ^mkh\� hlghkbl_evgh� hkb� imqdZ� � mkdhjbl_ey�� � aZf_lgh� � memqrb\� � l_f

kZfuf��h^ghjh^ghklv�^_l_dlhjZ�\�p_ehf�
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      Wg_j]_lbq_kdh_�jZaj_r_gb_

Wg_j]_lbq_kdh_�jZaj_r_gb_�dZehjbf_ljZ�baf_jyehkv�ijb�^\mo�wg_j]byo�Z^jhgh\�

ijhlhgh\�k�wg_j]b_c 70�=w<�b�π-
�f_ahgh\�k�wg_j]b_c 39�=w<�

��� fh^me_c� hibku\Z_fh]h� dZehjbf_ljZ� [ueb� ihklZ\e_gu� \� CERN� ^ey

wdki_jbf_glZ�ih�ihbkdm�d\Zjd�]exhgghc�ieZafu�\�bhg�y^_jguo�\aZbfh^_ckl\byo��WA-
94)��DZehjbf_lj�bkihevah\Zeky�\�dZq_kl\_�beam-dump ̂_l_dlhjZ�b�ij_^gZagZqZeky�^ey
ihgb`_gby� mjh\gy� nhgZ� \h� \aZbfh^_ckl\byo� bhgh\� k\bgpZ� kh� k\bgphf�� DZehjbf_lj

ijhjZ[hlZe� \� wdki_jbf_gl_� \� l_q_gb_� �� e_l� \� mkeh\byo� [hevrbo� jZ^bZpbhgguo

gZ]jmahd�

GZ�jbk�� ��Z�ij_^klZ\e_g� wg_j]_lbq_kdbc� ki_dlj� ij_^klZ\eyxsbc� kh[hc� kmffm

kb]gZeh\�k 30�fh^me_c�ijb�h[emq_gbb�_]h�ijhlhgZfb�k�wg_j]b_c 70�=w<���Ki_dlj�bf__l
kbff_ljbqgmx�nhjfm��b��ohjhrh�hibku\Z_lky���jZkij_^_e_gb_f��=ZmkkZ����qlh���\���k\hx

hq_j_^v� k\b^_l_evkl\m_l� h� gZebqbb� dhfi_gkZpbb��GZ� jbk�� ��[� ij_^klZ\e_g� ki_dlj� k

dZehjbf_ljZ�ijb�_]h�h[emq_gbb�bhgZfb�k\bgpZ�k�wg_j]b_c�����=w</gmdehg���KmffZjgZy
wg_j]by� � � � [ueZ� [he__� ��� Lw<�� �Wg_j]_lbq_kdh_� jZaj_r_gb_� ijZdlbq_kdb� iheghklvx

hij_^_ey_lky� ihklhygguf� qe_ghf�� KljmdlmjZ� \� e_\hc� qZklb� ki_dljZ� k\yaZgZ� k

j_]bkljZpb_c� hkdhedh\� bhgh\� k\bgpZ�� ijh\aZbfh^_ckl\h\Z\rbo� \� \_s_kl\_� i_j_^

dZehjbf_ljhf�

Jbk� ��� KmffZjgu_ ki_dlju kb]gZeh\ dZehjbf_ljZ Jbk� ��� KmffZjgu_ ki_dlju kb]gZeh\ dZeh�

Z� � ijb h[emq_gbb _]h ijhlhgZfb k wg_j]b_c jbf_ljZ ijb h[emq_gbb _]hπ-
�f_ah�

�� =w<� gZfb k wg_j]b_c �� =w<�Z� b we_dljh�
[� � ijb h[emq_gbb \ KERNbhgZfb k\bgpZ� gZfb k wg_j]b_c ���� =w<�[��
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GZ� jbk�� ��Z� ijb\_^_g� ki_dlj�� ihemq_gguc� gZ� imqd_� π-
�f_ahgh\� k� wg_j]b_c

39 =w<�� Ihke_� � nblbjh\Zgby� � ki_dljh\� � jZkij_^_e_gb_f� � =ZmkkZ� � [ueb� ihemq_gu
ke_^mxsb_�agZq_gby�wg_j]_lbq_kdbo�jZaj_r_gbc�

                      σ�? =6,8%  -��^ey 70�=w<�ijhlhgh\�
                      σ�? =9,5%  -��^ey 39�=w<�π-

�f_ahgh\�

GZ� jbk�� ��� wlb� ^Zggu_� ij_^klZ\e_gu� \f_kl_� k� oZjZdl_jbklbdZfb� gZb[he__

ba\_klguo� � Z^jhgguo� � dZehjbf_ljh\�� � ImgdlbjgZy� � ebgby� � ij_^klZ\ey_l� � kh[hc

aZ\bkbfhklv

                                    σ�? =�Z� E ⊕ b,                                                           (6)

]^_ �Z�≈ 57%;  ? –�baf_jy_lky �\�=w<;  b�jZ\gh�gmex�
Hlghkbl_evgh�emqr__�wg_j]_lbq_kdh_�jZaj_r_gb_�ijb 70�=w<�h[tykgy_lky�� �ih�

\b^bfhfm���l_f���qlh��^ey��ijhlhgZ��wnn_dlb\gZy�lhesbgZ��dZehjbf_ljZ��gZ�1-2 y^_jguo
^ebgu��[hevr_���q_f��^ey�π-

�f_ahgZ��ba�aZ�jZagbpu�\�k_q_gbyo�\aZbfh^_ckl\by�

Jbk� 35� Wg_j]_lbq_kdh_ jZaj_r_gb_ g_dhlhjuo
ba\_klguo Z^jhgguo dZehjbf_ljh\�

DZd� ba\_klgh�� \_ebqbgZ� � b� � \� agZqbl_evghc�f_j_� hij_^_ey_lky� ijhajZqghklvx
WLS� �beb� �\� �kemqZ_� �dZehjbf_ljZ� �lbiZ  SPACAL ijhajZqghklvx� �kpbglbeebjmxsbo

\hehdhg�� �Ihkdhevdm� � wnn_dlb\gZy� ^ebgZ� ih]ehs_gby� k\_lZ� gZfb� ^h\_^_gZ� ^h� ≈��f�
\deZ^� \� ihklhygguc� qe_g� \ghkbl� \� hkgh\ghf� ZiiZjZlmjgZy� nmgdpby� b� ij_`^_� \k_]h
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rmfu� we_dljhgbdb�� hkh[_ggh� aZf_lgu_� ijb� kmffbjh\Zgbb� [hevrh]h� qbkeZ� dZgZeh\

:PI��g_lhqghklv�\�baf_j_gbyo�dZeb[jh\hqguo�dhwnnbpb_glh\��ih]j_rghklb�kbkl_fu

fhgblhjbjh\Zgby�

Wg_j]_lbq_kdh_� jZaj_r_gb_� Z^jhgguo� dZehjbf_ljh\� σt� � hij_^_ey_lky

ke_^mxs_c�nhjfmehc

σ2
t  =  σ2

intr +   σ2
samp +  σ2

phot +  σ2
WLS,

]^_�   σintr  -� � � �nemdlmZpbb�g_\b^bfhc�wg_j]bb;  σsamp �� � � �nemdlmZpbb�j_]bkljbjm_fhc

wg_j]bb��σphot - nemdlmZpbb�qbkeZ�nhlhwe_dljhgh\� σWLS -  nemdlmZpbb�i_j_baemq_ggh]h
k\_lZ��k\yaZggu_�k�nemdlmZpbyfb�ijh^hevgh]h�jZa\blby�eb\gy�

<� � jZ[hl_�
9
� [ueb� � hij_^_e_gu� � \deZ^u� � \� � wg_j]_lbq_kdh_� jZaj_r_gb_

σintr ≈ 13%/ E �b� σsamp ≈ 40%/ E �^ey�Z^jhggh]h�dZehjbf_ljZ�gZ�k\bgp_�lhesbghc 10

ff���Ijb�\u[jZgghc�gZfb�lhesbg_ ih]ehlbl_ey  16�ff����σsamp ≈ 50%/ E .
Baf_j_ggh_� qbkeh� nhlhwe_dljhgh\�=w<� khklZ\ey_l� hdheh 20.� � ?keb

ij_^iheh`blv�� � � qlh� � � y^_jguc� � � eb\_gv� � � nemdlmbjm_l� � � \� ij_^_eZo� h^ghc� ^ebgu

y^_jgh]h�\aZbfh^_ckl\by� (20�kf�, b�mqblu\Zy�^ebgm�ih]ehs_gby�k\_lZ�\ WLS,�fh`gh
hp_gblv�h`b^Z_fh_�wg_j]_lbq_kdh_�jZaj_r_gb_�dZehjbf_ljZ��dhlhjh_�jZ\gh�

σ�?�≈ 55% / E ,

qlh�[ebadh�d�ihemq_gghfm�gZfb�agZq_gbx.

                       N * 103

                                                                                                          Xcal – Xchamber (ff)

Jbk� ��� Lhqghklv baf_j_gby dhhj^bgZl Z^jhggh]h eb\gy� baf_j_ggZy gZ fZd_l_

 Z^jhggh]h dZehjbf_ljZ ijb wg_j]bb �� =w<�
  KiehrgZy djb\Zy ± m]he iZ^_gby qZklbp �h, imgdlbjgZy djb\Zy ± �h.

Dhhj^bgZlgh_�jZaj_r_gb_�^Zggh]h�^_l_dlhjZ��jbk� ����keZ[__�aZ\bkbl�hl�lhqdb
ihiZ^Zgby�Z^jhgZ��q_f�\�^_l_dlhjZo�k�[hevrbfb�ihi_j_qgufb�jZaf_jZfb�fh^mey,�b

                                                          
9  Drews G. et al.//Nucl.Instr.Meth. 1990. V.A290. P.335.



34

khklZ\ey_l�σx ≈ 5�ff�ijb�ihiZ^Zgbb�Z^jhgZ�f_`^m�yq_cdZfb�b 8�ff��ijb�ihiZ^Zgbb
Z^jhgZ�\�p_glj�fh^mey�

 Baf_j_gb_�hlghr_gby  e/h

>ey� hij_^_e_gby� hlghr_gby  e/h� � [ueb� ijh\_^_gu� baf_j_gby� gZ� imqd_
we_dljhgh\�k� �wg_j]b_c 26,6�=w<�� �Ijb� � wlhf� we_dljhgZfb�h[emqZebkv�8�p_gljZevguo
fh^me_c�fZd_lZ�

DZd� m`_� hlf_qZehkv� \ur_�� ^ey� ijZ\bevgh]h� baf_j_gby� wlh]h� hlghr_gby

g_h[oh^bfh� h[_ki_qblv� \ukhdmx� h^ghjh^ghklv� k\_lhk[hjZ� k� dZ`^hc

kpbglbeeypbhgghc� ieZklbgu�� ihkdhevdm� we_dljhfZ]gblguc� eb\_gv� jZa\b\Z_lky� \

i_j\uo� �� kehyo� Z^jhggh]h� dZehjbf_ljZ�� <� j_Zevghc� `_� � kblmZpbb� gZk� bgl_j_km_l

hlghr_gb_� � we_dljhgghc� b� Z^jhgghc� dhfihg_gl� \� Z^jhgghf� eb\g_�� dhlhjuc

jZa\b\Z_lky�gZ�jZkklhygbb 40-60�kf�hl�gZqZeZ�fh^mey�
GZ� jbk� ��[� ij_^klZ\e_g� wg_j]_lbq_kdbc� ki_dlj� dZehjbf_ljZ�� ihemq_gguc� gZ

imqd_�we_dljhgh\�k�wg_j]b_c 26,6�=w<�
K�mqzlhf�hlghr_gby�wg_j]bc�π-

�f_ahgh\�b�we_dljhgh\�b�iheh`_gby�fZdkbfmfh\

ki_dljh\� [ueb� ihemq_gu� \_ebqbgu e/h� ^ey� dZ`^h]h� ba� h[emq_gguo� � we_dljhgZfb
fh^me_c���Kj_^g__��agZq_gb_��ijb��wlhf�ihemq_gh�jZ\guf

e/h =1,01 ± 0,03.

JZaj_r_gb_� ih� wg_j]bb� ^ey� we_dljhgh\� \� ^Zgghf� ^_l_dlhj_� iheghklvx� hij_^_ey_lky

lhesbghc�k\bgph\hc�ieZklbgu (3�O0��b�jZ\gh   σ/E ≈ 40%/ E .
Ijh\_^_ggu_� gZ� imqdZo� qZklbp� k� wg_j]byfb� ^h� g_kdhevdbo� Lw<� baf_j_gby

ihdZaZeb�� qlh� oZjZdl_jbklbdb� ij_^eh`_ggh]h� Z\lhjhf� Z^jhggh]h� dZehjbf_ljZ

y\eyxlky� mgbdZevgufb�� G_[hevrb_� ihi_j_qgu_� k_q_gby� fh^me_c� ij_^hklZ\eyxl

\hafh`ghklv�baf_jylv�dhhj^bgZlu�Z^jhgh\�k�lhqghklvx�\�g_kdhevdh�fbeebf_ljh\�

A:DEXQ?GB?

Knhjfmebjm_f�hkgh\gu_�j_amevlZlu�^bkk_jlZpbb�

1. :\lhjhf� [ueh� h[hkgh\Zgh� b� ij_^eh`_gh� ijbf_g_gb_� gh\uo� ly`zeuo

fhghdjbklZeeh\� ^ey� ij_pbabhgghc� we_dljhfZ]gblghc� dZehjbf_ljbb�� <hafh`ghklb

wlbo�djbklZeeh\�[ueb�\k_klhjhgg_�bamq_gu�

• Kha^Zg�b�bamq_g�gZ�imqdZo�qZklbp�fZd_l�we_dljhfZ]gblgh]h�dZehjbf_ljZ

gZ� djbklZee_� PbWO4�� IhdZaZgh�� qlh� k_]h^gy� wlhl� djbklZee� y\ey_lky

gZbemqrbf� dZg^b^Zlhf� ^ey� kha^Zgby� we_dljhfZ]gblguo� dZehjbf_ljh\

^ey� \ukhdbo� wg_j]bc��GZ� hkgh\_�^Zggh]h� djbklZeeZ�ijb� mqZklbb� Z\lhjZ

kha^Zxlky� ^\Z� djmig_crbo� we_dljhfZ]gblguo� dZehjbf_ljZ�

ij_^gZagZq_gguo�^ey�jZ[hlu�gZ�LHC \�wdki_jbf_glZo�ALICE ����lukyq
djbklZeeh\��b�CMS ����lukyq�djbklZeeh\��
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• Bkke_^h\Zgu� ijhlhlbiu� q_j_gdh\kdbo� ki_dljhf_ljh\� ihegh]h

ih]ehs_gby� gZ� djbklZeeZo� Gd3Ga5O12  b�  NaBi(WO4)2�� IhdZaZgh�� qlh

^Zggu_� fZl_jbZeu� fh]ml� bkihevah\Zlvky� \� we_dljhfZ]gblghc

dZehjbf_ljbb� b� bf_xl� agZqbl_evgu_� ij_bfms_kl\Z� i_j_^� k\bgph\uf

kl_dehf��<ukhdZy�jZ^bZpbhggZy� klhcdhklv�b�fZeZy� jZ^bZpbhggZy�^ebgZ

wlbo� djbklZeeh\� iha\heyxl� kha^Z\Zlv� dhfiZdlgu_� ^_l_dlhju�

h[eZ^Zxsb_� \ukhdbf� wg_j]_lbq_kdbf� b� ijhkljZgkl\_gguf

jZaj_r_gbyfb�

Ijh\_^zggu_� � bkke_^h\Zgby� fZd_lh\� ki_dljhf_ljh\� gZ� hkgh\_

wlbo�djbklZeeh\ hldju\Zxl�gh\u_�\hafh`ghklb�\�j_]bkljZpbb���γ�d\Zglh\
b�we_dljhgh\�\ukhdhc�wg_j]bb�

2. JZajZ[hlZggu_�b�bamq_ggu_�dZehjbf_lju�gZ�hkgh\_�kZg^\bqZ�\hevnjZf�

kpbglbeeylhj� fh]ml� [ulv� hlghkbl_evgh� ^_rz\hc� Zevl_jgZlb\hc� ki_dljhf_ljh\� gZ

ly`zeuo� djbklZeeZo�� H[eZ^Zy� g_kdhevdh� om^rbfb� � wg_j]_lbq_kdbf� jZaj_r_gb_f� b

h^ghjh^ghklvx�� ^_l_dlhju� gZ� hkgh\_� kZg^\bqZ� \hevnjZf�kpbglbeeylhj� fh]ml

bkihevah\Zlvky� \� wdki_jbf_glZo�� ]^_� ij_`^_� \k_]h� g_h[oh^bfh� \ukhdh_

ijhkljZgkl\_ggh_�jZaj_r_gb_�

3. JZajZ[hlZg�� kha^Zg� b� bkke_^h\Zg� \� imqdZo� qZklbp� � dhfi_gkbjh\Zgguc

fh^mevguc� k\bgph\uc� Z^jhgguc� dZehjbf_lj� ^ey� wdki_jbf_glh\� ijb� k\_jo\ukhdbo

wg_j]byo�� L_ogheh]by� ba]hlh\e_gby� _]h� fh^me_c� lZdh\Z�� qlh� iha\hey_l� kha^Z\Zlv

^_l_dlhju�ex[hc�g_h[oh^bfhc�lhesbgu�

Ijh\_^zggu_�bkke_^h\Zgby�oZjZdl_jbklbd�^Zggh]h�^_l_dlhjZ�gZ�imqdZo�qZklbp�b

bhgh\�k\bgpZ�ihdZaZeb��qlh�hg� �y\ey_lky�dhfi_gkbjh\Zgguf�b�baf_jy_l�dhhj^bgZlu�b

wg_j]bb� qZklbp� k� \ukhdhc� lhqghklvx�� <� gZklhysbc� fhf_gl� ba]hlh\e_gh� hdheh� ���

fh^me_c� dZehjbf_ljZ�� dhlhju_� bkihevamxlky� \� wdki_jbf_gl_� J:FI?DK� gZ� M���� \

BN<W�b�\�wdki_jbf_gl_�:$����gZ�636�\�CERN.

4. <� oh^_� jZajZ[hldb� kbkl_fu� fhgblhjbjh\Zgby� Z^jhggh]h� dZehjbf_ljZ

[ueb�h[hkgh\Zgu�b�kha^Zgu�j_i_jgu_�bfimevkgu_�bklhqgbdb�k\_lZ�gZ�[Za_�djbklZeeZ

YAlO3:Ce k�gZg_kzggufb�gZ�g_]h�jZ^bhZdlb\gufb�bahlhiZfb��Wlhl�bklhqgbd�iha\hey_l
dhgljhebjh\Zlv� dhwnnbpb_glu� mkbe_gby� ex[uo� nhlh^_l_dlhjh\� b� ebg_cghklv

we_dljhgbdb�� AZ� bah[j_l_gb_� bklhqgbdZ� k� bkihevah\Zgb_f� djbklZeeZ� YAlO3:Ce
ihemq_gh�Z\lhjkdh_�k\b^_l_evkl\h����������

Ba]hlh\e_gh�[he__������bklhqgbdh\��dhlhju_�bkihevamxlky�\�wdki_jbf_glZo�gZ

mkdhjbl_eyo�BN<W��&(51�b�BNL.
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